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POLYMERIZATION OF, AND 
DEPOLYMERIZATION TO, CYCLIC ETHERS 
USING SELECTED METAL COMPOUND CATALYSTS 
5 FTF.LD OF T HF. TKfVENTION 

This invention concerns the polymerization of 
oxiranes, oxetanes, oxepanes, 1, 3-dioxolanes, 
1, 3, 5-trioranes, and tetrahydrofurans to linear 
polyethers, and the depolymerization of polytetra- 
10 hydrofurans to tetrahydrofurans, both catalyzed by 
selected metal compounds. 

RArKGROUN D OF THE INVENTION 

Cyclic ethers are polymerized by various means to 
give products of widespread utility. For instance, 

15 ethylene oxide is polymerized to polyethylene oxide 

which is useful, in lower molecular weight grades, for 
ceramics (as a binder), cosmetics, lubricants, 
polyurethanes; and in higher molecular weight grades, 
for packaging film, denture adhesives, lubricants, 

20 flocculation and for other articles and products. 

Tetrahydrofuran (THF) is polymerized to poly(tetra- 
methylene ether) glycol which is useful in the 
preparation of Spandex fibers; polyurethane resins which 
are useful in elastomeric parts; and thermoplastic 

25 elastomers which are useful for molding various 

mechanical parts. Therefore, improved methods of making 
these polymers are sought. Also useful are methods of 
depolymerizing the polyethers to useful products, such 
as the cyclic ethers from which they were originally 

30 made. Such depolymerizations allow for the recycle of 
off specification or used polyethers to useful products 
such as polyethers, thereby reducing waste. 

U.S. Patent 3,842,019 describes the polymerization 
of oxiranes and other small ring compounds by a presumed 

35 cationic mechanism, using as the catalyst the 
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decomposition products of metal perf luoroalkyl- 
sulfonates. These catalysts are described as "latent", 
that is no reaction occurs until the metal salt is 
decomposed. The reactions reported are relatively slow, 
5 even at elevated temperatures. 

U.S. Patents 5,084,586 and 5,124,417 describe the 
cationic polymerization of various monomers, including 
cyclic ethers, using onium cations, whose corresponding 
anions are f luororalkylsulf atometallates . Onium ion 
10 catalyzed cationic polymerizations are well known, and 

there is no mention in these patents of the use of metal 
salts not containing onium ions, such as metal 
triflates, as catalysts for the polymerization of cyclic 
ethers . 

15 Japanese Patent Application 51-82397 describes the 

polymerization of tetrahydrofuran using a combination of 
f luorosulfonic acid and a carboxylic acid as catalysts. 
No mention is made of metal salts, such a metal 
triflates as catalysts. 

20 J. S. Hrkach, et al., Macromolecules, vol. 23, 

p. 4042-4046 (1990) describe the polymerization of 
tetrahydrofuran using trimethylsilyl trif luoromethane- 
sulfonate as the initiator. No mention is made of any 
other triflates as catalysts for this polymerization. 

25 German Patent Application 2,459,163 describes the 

polymerization of THF using a combination of ferric 
chloride and carboxylic anhydride as catalyst . 

G. A. Olah, et al., J. Appl. Polym. Sci . , Vol. 45, 
1355-1360 (1992) describe the use of boron, aluminum and 

30 gallium tristriflate to catalyze the polymerization of 
THF . 

S, L. Borkowsky, et al . , Organometal . , Vol. 10, 
p. 1268-1274 (1991) report that certain zirconium 
complexes can initiate the polymerization of 
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tetrahydrofuran. No mention is made of zirconium 
perf luoroalkylsulfonates, or of copolymers. 

T. Misaki, et al . , Nippon Kagaku Kaishi, p. 168-174 
(1973) report on the polymerization of THF using a 
5 combination of metal aceylacetonates and acetyl 
chloride . 

None of the metal compounds herein disclosed as 
catalysts are mentioned in the above references. 

cf^ JI^ARY OF THE INVENTION 

10 This invention concerns a process for the 

polymerization of cyclic ethers, comprising, contacting 
one or more oxiranes, oxetanes, tetrahydrofurans, 
oxepanes, 1,3-dioxolanes or 1, 3, 5-trioxanes with a 
compound of the formula MZs-Qt, and an accelerator 

15 selected from the group consisting of carboxylic acids 

whose pKa in water is less than 6, carboxylic anhydrides 
and acyl halides, wherein: 

M is a metal selected from the group 
consisting of cobalt, vanadium, niobium, tungsten, 

20 strontium, barium, scandium, yttrium, the rare earth 
metals, titanium, zirconium, hafnium, chromium, 
molybdenum, tantalum, rhenium, iron, ruthenium, osmium, 
rhodium, iridium, palladium, platinum, silver, gold, 
zinc, cadmium, mercury, aluminum, gallium, indium, 

25 thulium, germanium, tin, lead, arsenic, antimony and 
bismuth; 

at least one of Z is an anion of the formula 
"OSOaR^f wherein is perf luoroalkyl containing 1 to 12 
carbon atoms or part of a fluorinated polymer wherein 
30 the carbon atoms alpha and beta to the sulfonate group 
are together bonded to at least four fluorine atoms, or 
tetraphenylborate, and the remainder of Z is oxo or one 
or more monovalent anions; 
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s is 2 when M is strontium, barium, cobalt, 
rhodium, iridium, palladium, platinum, chromium, zinc, 
cadmium or mercury; 

s is 3 when M is scandium, yttrium, a rare 
5 earth metal, arsenic, antimony, bismuth, gold, iron, 

ruthenium, osmium, aluminum, gallium, indium or thulium; 

s is 4 when M is titanium, zirconium, hafnium, 
molybdenum, germanium, tin, or lead; 

s is 5 when M is rhenium, vanadium, niobium or 

10 tantalum; 

s is 6 when M is tungsten; 
Q is a neutral ligand; 
t is 0 or an integer of 1 to 5; and 
provided that each oxo group present counts as two 

15 of s. 

This invention also involves a process for the 
depolymerization of a polyether to a tetrahydrofuran,^ 
comprising, contacting at a temperature of about lOO'^C 
to about ISO^C, a polymer consisting essentially of one 
20 or more repeat units of the formula 

- [CHR1CR2r3CR2r3cHR40] - 
with a compound of the formula MZg-Qtr wherein: 

each Rl, R^, r3 and R^ is independently 
hydrogen or hydrocarbyl containing 1 to 20 carbon atoms; 
25 M is a metal selected from the group 

consisting of cobalt, vanadium, niobium, tungsten, 
strontium, barium, scandium, yttrium, the rare earth 
metals, titanium, zirconium, hafnium, chromium, 
molybdenum, tantalum, rhenium, iron, ruthenium, osmium, 
30 rhodium, iridium, palladium, platinum, silver, gold, 
zinc, cadmium, mercury, aluminum, gallium, indium, 
thulium, silicon, germanium, tin, lead, arsenic, 
antimony and bismuth; 

at least one of Z is an anion of the formula 
35 -OSOaR^, wherein R^ is perf luoroalkyl containing 1 to 12 
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carbon atoms or part of a fluorinated polymer wherein 
the carbon atoms alpha and beta to the sulfonate group 
are together bonded to at least four fluorine atoms, or 
tetraphenylborate, and the remainder of Z is oxo or one 
or more monovalent anions; 

s is 2 when M is strontium, barium, cobalt, 
rhodium, iridium, palladium, platinum, chromium, zinc, 

cadmium or mercury; 

s is 3 when M is scandium, yttrium, a rare 
earth metal, arsenic, antimony, bismuth, gold, iron, 
ruthenium, osmium, aluminum, gallium, indium or thulium; 

s is 4 when M is titanium, zirconium, hafnium, 
molybdenum, silicon, germanium, tin, or lead; 

s is 5 when M is rhenium, vanadium, niobium or 

15 tantalum; 

s is 6 when M is tungsten; 
Q is a neutral ligand; 
t is 0 or an integer of 1 to 6; 
and provided that each oxo group present counts as 
20 two of s . 

pi:;7'aTT,s OF THE TNVBNTIQN 
in the polymerization process described herein one 
or more cyclic ethers, oxiranes, oxetanes, 1,3-dioxo- 
lanes, 1, 3, 5-trioxanes, or tetrahydrofurans are 

25 polymerized to form a polyether. Oxirane (more commonly 
called epoxide) is herein given its usual structure, a 
saturated three membered ring containing two carbon 
atoms and one oxygen atom. Oxetane is also given its 
common meaning, a saturated four membered ring 

30 containing three carbon atoms and one oxygen atom. The 
term oxepane means a saturated seven membered ring 
containing six carbon atoms and one oxygen atoms. The 
term 1, 3-dioxolane means a saturated five membered ring 
which contains two oxygen atoms separated by 1 carbon 
35 atom. The term 1, 3, 5-trioxane means a six membered ring 
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containing 3 oxygen atoms in which the oxygen atoms and 
carbons atoms are alternated. All of these terms 
include compounds containing those ring systems which 
are substituted with hydrocarbyl or hydrocarbylene 
5 groups containing 1 to 20 carbon atoms. The 

hydrocarbylene groups may form carbocyclic rings, which 
include bicyclic, tricyclic, etc., systems. By a 
hydrocarbylene group herein is meant a divalent radical 
containing carbon and hydrogen which is part of a 

10 carbocyclic ring. 

Preferred cyclic ethers have the formula 



15 



20 



o: ;(cr2r3)„ 



» Ri^H « 

wherein n is 2 or 4 and each Ri, r2, r3 and r4 is 
independently hydrogen or hydrocarbyl containing 1 to 20 
carbon atoms. Some of these cyclic ethers polymerize to 
give repeat units of the formula - [CHRl (CR2r3) .CHR^O] - . 
in a more preferred cyclic ether all of R^, R^, r3 and R« 
are hydrogen. In another more preferred cyclic ether 
where n=2, r1, one of r2, both of r3 and R^ are hydrogen, 
and the remaining r2 is alkyl containing 1-4 carbon 
atoms, especially preferably the remaining r2 is methyl. 
By hydrocarbyl herein is meant a univalent radical 
25 containing carbon and hydrogen. 

The polymerization is run in the presence of an 
accelerator. Suitable accelerators are carboxylic 
anhydrides, acyl halides, and carboxylic acids with a 
pka of less than about 6 in water . 
30 By a carboxylic anhydride is meant a compound 

containing the grouping -C(0)0(O)C-, wherein the free 
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valencies are to other carbon atoms. A preferred 
carboxylic anhydride is an anhydride of an alkyl 
carboxylic acid or a halogen substituted alkyl 
carboxylic acid, and particularly preferred anhydrides 
5 are acetic anhydride and trif luoroacetic anhydride. 

By an acyl halide is meant a compound containing 
the grouping ~C(0)X, where X is chlorine or bromine and 
the free valence is to another carbon atom. In 
preferred acyl halides, X is chlorine. Preferred acyl 

10 halides are alkyl acyl halides, and especially preferred 
are acetyl halides, more preferably acetyl chloride. 

By a carboxylic acid is meant a compound containing 
the grouping -C(0)OH, wherein the free valence is to 
another carbon atom. Preferred carboxylic acids have a 

15 pKa of less than 5 in water. Useful carboxylic acids 

include, but are not limited to acetic, trif luoroacetic, 
chloroacetic, benzoic, trichloroacetic, p-nitrobenzoic, 
butyric, formic, cyanoacetic, nitropropionic, acrylic, 
methacrylic, napthoic acids, N-acetylglycine and 

2 0 N-acetyltryptophan . Preferred carboxylic acids are 
trif luoroacetic, acetic, formic, cyanoacetic, 
nitropropionic, acrylic, methacrylic acids, N-acetyl- 
glycine and N-acetyltryptophan, 

When carboxylic anhydride is present one half or 

25 more of the end groups are carboxylic esters. As is 
known to the artisan, these may be hydrolyzed to 
hydroxyl groups by reaction with water, preferably in 
the presence of a catalyst, such as a strong acid 
(sulfuric acid for instance) or a strong base (such as 

30 NaOH) . The proportion of acetate ends increases the 
longer the polymerization is allowed to proceed. 
Although the polymeric diol is often the desired product 
(it can be used to make other polymers, such as 
polyurethanes and polyesters), the half ester or diester 
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is also useful, as in relatively low molecular polymers 
which can be used as solvents. 

When an acyl halide is used as the accelerator, the 
end groups are usually ester on one end, and the halide, 
5 X, on the other. Thus the complete formula for such a 
polymer could be X- [CHRl (CR2r3) nCHR^Ol-C (0) Y, where Y is 
the group to which the acyl group of the acyl halide was 
bound. Such polymers are useful as intermediates for 
the preparation of polymers containing different 
10 functional groups. For example, the ester may be 

hydrolyzed to a hydroxyl group, and the halide may be 
reacted to form another functional group such as 
nitrile. If a bis (acyl halide), X(0)CYC(0)X, is used as 
the accelerator, the product of the polymerization will 
15 be a polyether with halide (X) end groups which contains 
two internal ester groups, and may have the formula 
X- [CHRl (CR2r3) nCHR^O] -C (0) YC (0) - [OCHRI (CR2r3) nCHR^ ] -X . 
Useful bis (acyl halides) include adipoyl chloride, 
terephthaloyl chloride, and diglycolyl chloride 
20 [CI (0) CCH2OCH2C (0) CI] . 

When a carboxylic acid is used as the accelerator, 
both end groups are usually mostly ester. Thus the 
complete formula for such a polymer could be 
YO-[CHRMCR2R3)nCHR^O]-C(0) Y, where Y is the group to 
25 which the acyl group of the carboxylic acid was bound. 

An important consideration in the preparation of 
polyethers is the number average molecular weight (Mn) 
of the polyether and its molecular weight distribution. 
When the polyether is to be used as a monomer in the 
30 preparation of another polymer (usually in the diol 
form) , it is often preferred that the Mn of the 
polyether be in the range of about 400 to about 20,000, 
preferably about 500 to about 5,000. 

The catalyst may be yttrium or rare earth compound 
35 of the formula MZ3 where M is a trivalent ion of 
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yttrium, or one of the rare earths, lanthanum, cerium, 
praeseodymium, neodymium, promethium, samarium, 
europium, gadolinium, terbium, dysprosium, holmium, 
erbium, thulium, ytterbium, and lutetium, 
5 Preferred metals, M, are strontium, scandium 

yttrium, the rare earth metals, titanium, zirconium, 
hafnium, vanadium, niobium, tantalum, chromium, 
molybdenum, tungsten, rhenium, iron, ruthenium, 
palladium, copper, gold, zinc, tin and bismuth. More 

10 preferred metals are yttrium, the rare earth metals, and 
scandium. Especially preferred metals are yttrium, 
ytterbium, dysprosium, erbium, neodymium, lanthanum, and 
scandium. Another preferred metal is "mischmetall" 
(sometimes also called "didymium"), which is a mixture 

15 of rare earth metals as obtained from the ore. 

It is believed monovalent anions that are 
relatively nonnucleophilic are useful as Z, Examples of 
such anions are tetraphenylborate, *0S02R^/ wherein is 
perf luoroalkyl, or wherein is part of a fluorinated 

20 polymer wherein the carbon atoms alpha and beta to a 
sulfonate group are together bonded to at least 4 
fluorine atoms (as in -CF2CF2OSO2-) . It is preferred if 
R^ is perf luoroalkyl. In a particularly preferred R^ is 
trif luoromethyl, and the anion is herein called 

25 "trif late". 

Generally speaking, any metallic compound in which 
the correct metal in the correct oxidation state (see 
above) is present and bonded to a triflate or similar 
anion will be a catalyst. Such a compound must of 

30 course be reasonably stable during the polymerization 
(or depolymerization, see below) , or decompose to 
another compound which is still a triflate (or similar 
anion) compound of the metal in the correct oxidation 
state. It has been found that, in general, the greater 

35 the number of triflate groups bonded to the metal 



wo 94/09055 



PCr/US93/09808 



10 

cation, the more active the metal compound will be as a 
catalyst. It is preferred if half or more of the anions 
(Z) bound to each metal cation is triflate or a similar 
anion . 

5 The metal catalysts may optionally contain one or 

more neutral ligands coordinated to the metal. By a 
neutral ligand is meant a neutral compound that can 
coordinate with the catalysts, usually the metal cation. 
Neutral ligands include water, and ethers such as 

10 dimethyl ether and tetrahydrofuran. Useful compounds 
containing neutral ligands include bis (n-cyclopenta- 
dienyl) tetrahydrof uran-bis (trif luoromethanesulfonato) - 
zirconium and bis (n-cyclopentadienyl) tetrahydrof uran- 
bis (trif luoromethanesulfonato) hafnium. 

15 The metals catalysts may contain other anions than 

triflate and similar anions, and tetraf luoroborate, 
although at least one of triflate or tetraf luoroborate 
anions must be present. Some other useful anions are 
alkoxide, particularly lower alkoxide containing 1-4 

20 carbon atoms, acetylacetonate, cyclopentadieneide, 

pentamethylcyclopentadieneide, t-butylacetylacetonate, 
and halide. It is preferred if all of the anions are 
triflate . 

In general, the higher the molar ratio of metal 
25 compound to cyclic ether monomer originally present, the 
lower the molecular weight of the resulting poiyether 
will be. Similarly, the higher the ratio of accelerator 
(if present) to monomer originally present, the lower 
the molecular weight of the poiyether will be. It is 
30 believed the effects of these two ratios are cumulative. 
For these effects see Examples 7 and 8. 

The polymerization may be run at a temperature of 
about -80°C to about 130°C. If this temperature is 
above the boiling point of the cyclic ether monomer, a 
35 pressure vessel may be used. A preferred temperature is 
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ambient to the boiling point of the monomer, or 110°C, 
whichever is lower. An inert solvent such as di-n-butyl 
ether, diethyl ether or toluene may be used, but it is 
preferred if solvents are not present. Protic compounds 
5 such as water, methanol and ethanol should preferably 
not be present, and it is convenient to exclude them by 
drying the starting materials and keeping the process 
under an inert dry gas such as nitrogen. As in most 
chemical processes, the ingredients should be mixed at 
10 least initially. Continued agitation is preferred to 

assure that the process materials remain well mixed, and 
to avoid overheating. The polymerization is mildly 
exothermic. If the polymerization temperature goes up 
appreciably, refluxing of the monomer may be used to 
15 help cool the process. 

The polymers produced often have polydispersities 
significantly less than 2, which is possibly indicative 
of a "Living polymerization". Also indicative of this 
is the fact that as the polymerization proceeds, the 
20 molecular weight, particularly the number average 
molecular weight, increases. 

This invention is also concerned with the 
depolymerization of a polymer consisting essentially of 
the repeat unit - [CHR1cr2r3cr2r3chr4o]" wherein R^, R^, 
25 r3, and R^ are defined above, and preferred combinations 
are as given above for the polymerization process when 
n=2. A catalyst designated MZg-Qt is used, wherein M, 
S, Q, t, and Z, and their preferred embodiments, are as 
given above . 

30 The depolymerization process is carried out at 

about 100°C to about 250''C, preferably about 130° to 
about 200°C, Although air can be used to blanket the 
process, it is preferred to use an inert atmosphere such 
as nitrogen to avoid possible side reactions. The 

35 polytetrahydrofuran need not be dried before use. A 
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solvent may be used, but it is preferred to carry out 
the process without solvent. 

The amount of catalyst compared to polyether 
present is not critical, 0.1-15% by weight being useful, 
5 preferably about 1 to 3% by weight of catalyst. 

The depoiymerization process may be carried out by 
just heating the polyether in the presence of the 
catalyst. In order to avoid boiling off the often 
volatile tetrahydrofurans, a pressure vessel may be 

10 needed. However, it is preferred to carry out the 

depoiymerization while constantly distilling off the 
(substituted) tetrahydrof uran as it forms. It is 
believed that this ensures driving this process to 
produce the monomeric tetrahydrof uran . The recovered 

15 monomeric tetrahydrofuran may be used in the 
polymerization to form a polytetrahydrofuran . 

Both the polymerization and depoiymerization 
processes can be done in a variety of ways known to the 
artisan. The polymerization can be done by batch, semi- 

20 batch and continuous processes. Continuous processes 
include continuous stirred tank reactor (s) with one or 
more stages, and/or plug flow reactors (see Example 19) . 
The depoiymerization process can also be done by similar 
methods. In this process, a continuous process could be 

25 constant addition of polyether to the reactor, while 
distilling off a similar amount of a monomeric tetra- 
hydrofuran. Other variations will be evident to one 
skilled in this art. 

In both the polymerization and depoiymerization 

30 processes disclosed herein the catalyst may be recovered 
and reused in either process. It may be recovered from 
the polymerization process by extracting the polymer 
formed with water, while it can be recovered from the 
depoiymerization process by extracting the distillation 

35 residue with water. In both instances, the recovered 
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catalyst may be used again in the polymerization or 
depolymerization processes. In both instances the 
aqueous washings may be concentrated by removal of the 
water (as by evaporation) and the solid catalyst 
5 recovered. See Examples 20, and 28-32 for recovery and 
reuse of catalyst . 

In the Examples, the following abbreviations are 

used : 

GPC - gel permeation chromatography 
10 Nafion™ - a sulfonated perf luoropolymer produced 

by E. I. du Pont de Nemours & Co., Wilmington, 
DE, USA 

Mn - number average molecular weight 

Mw - weight average molecular weight 
15 RB - round bottom 

PD - polydispersity (Mw/Mn) 

PS - polystyrene 

SS - stainless steel 

STD - standard 
20 Tf - triflate 

EXAMPLE 1 

Polymerization of THF with 

Yttrium Triflate and Acetic Anhydride 
In a dry box, yttrium triflate (0,75 g) was added 

25 to each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box and 
nitrogen bleeds attached. THF (20 mL) followed by 
acetic anhydride (0.75 mL) were added to each flask. 

30 After 15, 30 and 45 minutes, a polymerization was 

terminated via the addition of 5% NaOH (10 mL) and THF 
(50 mL) . The resulting organic phases were separated 
and concentrated at reduced pressure and then dried 
under vacuum. Polymer yields and GPC analysis: 
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Polymer. Polymer Mn 

Time Yield (%) (PS STD) Mw ?D 

15 mins. 56.76 8180 17100 2.09 

30 mins. 67.02 6630 14600 2.20 

45 mins. 73.11 6210 13300 2.02 

F.XftMPLE 2 
Polymer i7.at-. inn of THF with 
Yt-r . ^T^^''^^^ Trj flate and Acetic Anhydride 
In a dry box, ytterbium triflate (0.75 g) was added 
5 to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) followed 
by acetic anhydride (0.75 mL) were added to each flask. 
10 After 15, 30, 45 and 60 minutes, a polymerization was 
terminated via the addition of 5% NaOH (10 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 



Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


56.09 


8400 


16200 


1.93 


30 mins. 


67.98 


7360 


14900 


2.03 


45 mins. 


69.67 


5890 


13100 


2.22 


60 mins. 


71.31 


6010 


12800 


2.15 






EXAMPLE 3 







Polymer ization of THF with 
py<^prn5^ium Tr iflate and Acetic Anhydride 
In a dry box, dysprosium triflate (0.75 g) was 
added to each of four separate oven dried 100 mL RB 
20 flasks equipped with stirring bars. The flasks were 
sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (20 mL) 
followed by acetic anhydride (0.75 mL) were added to 
each flask. After 15, 30, 45 and 60 minutes, a 
25 polymerization was terminated via the addition of 5% 
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NaOH (10 mL) and THF (50 mL) . The resulting organic 
phases were separated, concentrated at reduced pressure 
and then dried under vacuum. Polymer yields and GPC 



analysis : 

Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins . 


52.03 


7260 


15700 


2.17 


30 mins. 


63.86 


7220 


15700 


2.18 


45 mins. 


70.05 


6250 


14300 


2.30 


60 mins. 


71.36 


6010 


13700 


2.29 






EXAMPLE 4 







polymerization of THF with 
f,y]p>inm Triflate and Acetic Anhydride 
In a dry box, erbium triflate (0.75 g) was added to 
each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. After sealing with rubber 
septa the flasks were removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) followed 
by acetic anhydride (0.75 mL) were added to each flask. 
After 15, 30, 45 and 60 minutes, a polymerization was 
terminated via the addition of 5% NaOH (10 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 



Polymer . 
Time 



Polymer 
Yield (%) 



Mn 
(PS STD) 



Mw 



PD 
1.89 
2.32 



20 



15 mins. 
30 mins. 
45 mins. 
60 mins. 



52.82 8460 15900 

62.96 7390 17100 

66.79 8070 16400 2.04 

68.20 7250 16100 2.22 

EXAMPLE 5 
p^^lymfirization of THF with 
T.anthanum Triflat fi and Acetic Anhydride 
In a dry box, lanthanum triflate (0.75 g) was added 
to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
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with rubber septa and then removed from the dry box. 

Nitrogen bleeds were attached and THF (20 mL) and acetic 

anhydride (0.75 mL) were added to each flask. After 15, 

30, 45 and 60 minutes, a polymerization was terminated 

5 via the addition of 5% NaOH (10 mL) and THF (50 mL) . 

The resulting organic phases were separated, 

concentrated at reduced pressure and then dried under 

vacuum. Polymer yields and GPC analysis: 

Polymer. Polymer Mn 

Time Yield (%) (PS STD) Mw PD 

15 mins. 5.60 9780 13900 1.42 

30 mins. 11.27 13700 20900 1.53 

45 mins. 40.30 17000 28100 1.65 

60 mins. 59.24 15800 33400 2.11 

RXAMPLE 6 

10 pnlytnerlz^t-ion of THF with 

pop^^ym^nn. Tri f Igl-P and Acpt 1 C Anhvdridg 

In a dry box, to an oven dried 100 mL RB flask 
equipped with a stirring bar was added neodymium 
triflate (0.75 g) . The flask was sealed with a rubber 

15 septum and removed from the dry box. A nitrogen bleed 
was attached and THF (20 mL) followed by acetic 
anhydride (0.75 mL) were added. After 30 minutes the 
polymerization was terminated via the addition of 5% 
NaOH (10 mL) and THF (50 mL) . The resulting organic 

20 phase was separated, concentrated at reduced pressure 
and then dried under vacuum yielding 7.56 g (42.6%) of 
polymer. GPC analysis: Mn = 8460, Mw = 22300, 
PD = 2.65 (PS STD) , 

F.XAMPLE 7 

25 Pnlvmeriz ation of THF with 

Y^^^inni Trifiai-f' and Acet 1 r. ftnhvdride 
In a dry box, yttrium triflate (0.75 g) was added 
to each of three oven dried 100 mL RB flasks equipped 
with stirring bars. The flasks were sealed with rubber 
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septa and removed from the dry box. Nitrogen bleeds 
were attached and THF (20 mL) added to each flasks. 
Acetic anhydride (0.25, 0,50 and 0.75 mL) was added 
respectively to each flask. After 60 minutes the 
5 polymerizations were quenched via the addition of 5% 
NaOH (10 mL) and THF (50 mL) , the resulting organic 
phases were separated, concentrated at reduced pressure 
and then dried in vacuo overnight. Polymer yields and 



GPC analysis: 



Acetic 
Anhydride 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


0.25 mL 


75.02 


8080 


18100 


2.25 


0.50 mL 


73.33 


6940 


14900 


2.15 


0.75 mL 


75.20 


5080 


13600 


2.68 






EXAMPLE 8 







Pnlymfirizati on of THF with 
yfi-rii3Tn Triflate and Acetic Anhydride 
In a dry box, to three 100 mL RB flasks equipped 
with stirring bar were added 0.25, 0.50 and 1.00 g 
15 yttrium triflate respectively. The flask were sealed 
with rubber septa and removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetic 
anhydride (1.00 mL) were added to each flask. After 60 
minutes the polymerizations were terminated via the 
20 addition of 5% NaOH (10 mL) and THF (50 mL) . The 

resulting organic phases were separated, concentrated at 
reduced pressure and dried under vacuum overnight. 
Polymer yields and GPC analysis: 



Yttrium 
Triflate 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


0.25 g 


50.11 


11300 


26200 


2.02 


0.50 g 


70.79 


8060 


17600 


2.16 


1.00 g 


81.96 


4820 


10500 


2.09 
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EXAMPLE 9 
Polymerization of THE with 
Yttrium Trif late and Acetic Anhydride 
in Diethyl Ether 
5 In a dry box, yttrium triflate (0.75 g) was weighed 

into an oven dried 100 mL RB flask equipped with 
stirring bar. A reflux condenser was attached and the 
apparatus sealed with a rubber septum and removed from 
the dry box. A nitrogen bleed was attached and diethyl 
10 ether {20 mL) , THF (20 mL) and acetic anhydride 
(0.75 mL) were added. After 60 minutes the 
polymerization was quenched via the addition of 5% NaOH 
(10 mL) and diethyl ether (50 mL) . The resulting 
organic phase was separated, concentrated and dried 
15 under vacuum. Yield: 3.86 g (21.76%). GPC analysis: 
Mn = 2960, Mw = 7800, PD = 2.63 (PS STD) . 

EXAMPLE IQ 
Polymerization of T HF with 
Yttrium Triflate a nd Acetic Anhydride in Toluene 
20 In a dry box, yttrium triflate (0.75 g) was weighed 

into an oven dried 100 mL RB flask equipped with a 
stirring bar. After sealing with a rubber septum, 
removal from the dry box, and attachment of a nitrogen 
bleed, toluene (20 mL) , THF (20 mL) and acetic anhydride 
25 (0.75 mL) were added. After 60 minutes the 

polymerization was terminated via the addition of 5% 
NaOH (10 mL) and toluene (50 mL) . The resulting organic 
phase was separated, concentrated at reduced pressure 
and then dried under vacuum. Yield: 1.73 g (9.75%). 
30 GPC analysis: Mn = 1150, Mw = 2700, PD ^ 2.34 (PS STD) . 

EXAMPLE 11 
rnpnlymerization of THF/3-Methvl-THF 
with Yttrium T riflate and Acetic Anhydride 
In a dry box, yttrium triflate (0.75 g) was added 
35 to each of three separate oven dried 100 mL RB flaslcs 
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equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box wherein 
nitrogen bleeds were attached. THF (15 mL) and 
3-methyl-THF (5 mL) followed by acetic anhydride 
5 (0.75 mL) were added to each flask. After 15, 30 and 45 
minutes, a polymerization was terminated via the 
addition of 5% NaOH (10 mL) and THF (50 mL) . The 
resulting organic phases were separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
10 yields and GPC analysis: 



Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins . 


39.50 


6920 


12400 


1.80 


30 mins. 


51.63 


6280 


13200 


2.11 


45 mins. 


57.27 


5860 


12700 


2.17 



NMR analysis showed -12-13% incorporation of 
3-methyl-THF in the polymers . 



EXAMPLE 12 
Polymerization of THF with 

15 Yttrium Triflate and Trif luoroacfit ic Anhydridf^ 

In a dry box, yttrium triflate (0.75 g) was weighed 
in an oven dried 100 mL RB flask equipped with a 
stirring bar. After sealing with a rubber septum and 
removal from the dry box and attachment of a nitrogen 

20 bleed THF (20 mL) was added followed by trif luoroacetic 
anhydride (3,00 mL) . After 2 hrs . the polymerization 
was quenched by the addition of 5% NaOH (10 mL) and THF 
(50 mL) . Diethyl ether (50 mL) was added to effect 
separation of the organic/aqueous phase. The organic 

25 phase was separated, concentrated at reduced pressure 
and then dried under vacuum. Yield: 5.40 g (30.44%) . 
GPC analysis: Mn = 53900, Mw = 86200, PD = 1.78 
(PS STD) . 
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EXAMPLE 13 
Polymerization of THF wifh 
Ytterbium Triflate and Propionic Anhydride 
In a dry box, ytterbium triflate (1.00 g) was 
5 weighed into an oven dried 100 mL RB flask equipped with 
a stirring bar. The flask was stoppered with a rubber 
septum and removed from the dry box and a nitrogen bleed 
was attached. THF <20 mL) and propionic anhydride 
(1.00 mL) were added via syringes. After 60 minutes the 
10 polymerization was quench with 5% NaOH (10 mL) and THF 
(50 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried in 
vacuo. Yield: 12.69 g (71.5%). GPC analysis: 
Mn = 6520, Mw = 14500, PD = 2.23. 
15 EXAMPLE 14 

PQlymegization of 3-Methyl-T HF w ith 

Yttrium Triflate and Acetic Anhydride 
In a dry box, yttrium triflate (0.75 g) was weighed 
into an oven dried 100 mL RB flask equipped with a 
20 stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and 3-methyl-THF (20 mL) was added followed by 
acetic anhydride (0.75 g) . After stirring overnight the 
polymerization was terminated by the addition of 5% NaOH 
25 (10 mL) and THF (25 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and 
dried under vacuum. Yield: 6.12 g (34.50%). GPC 
analysis: Mn = 437, Mw = 808, PD = 1.85. 

EXAMPLE 15 

30 Polymerization of THF with 

Yttrium Triflate and Acetic Anhdride 
In a dry box, yttrium triflate (0.75 g) was weighed 
into an oven dried 100 mL RB flask equipped with a 
stirring bar. After sealing with a rubber septum the 
35 flask was removed from the dry box and a nitrogen bleed 
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attached, THF (20 mL) and acetic anhydride (1.00 mL) 
were added. After 17.5 hrs . THF (20 mL) and acetic 
anhydride (1.00 mL) were added to the thick viscous 
solution. After an additional 2 hrs THF (20 mL) and 
5 acetic anhydride were again added to the polymerized 
solution. The polymerization was terminated 2.5 hrs 
later via the addition of 5% NaOH (20 mL) and THF 
(100 mL) . The organic phase was separated, concentrated 
at reduced pressure and dried under vacuum. Polymer 
10 yield: 32.3 g (61.23%). GPC analysis: Mn - 2490, 
Mw = 8440, PD = 3.39 (PS STD) , 

EXAMPLE 16 

Polymerization o f THF with Ytterbium Triflate 
In a dry box, ytterbium triflate (1.00 g) was 
15 weighed in a 100 mL RB flask equipped with a stirring 
bar. After sealing with a rubber septum the flask was 
removed from the dry box and a nitrogen bleed attached. 
THF (20 mL) was then added via syringe. The 
polymerization was allowed to proceed overnight and then 
20 terminated via the addition of H2O (25 mL) and diethyl 
ether (75 mL) . The organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 0.520 g (2.93%). GPC analysis: 
Mn = 416000, Mw = 842000, PD = 2.02 (PS STD) . 
25 EXAMPLE 17 

polymerization of 7-Oxabicyclo f 2 . 2 . 11 heptane 
with Ytterbium T riflate and Acetic Anhydride 
In a dry box, ytterbium triflate (0.5 g) was 
weighed into a 100 mL RB flask equipped with a stirring 
30 bar. After sealing with a rubber septum, the flask was 
remove from the dry box and a nitrogen bleed attached. 
7-Oxabicyclo [2 ,2 . l]heptane (10 mL, distilled from 
potassium carbonate) was added followed by acetic 
anhydride (0.5 mL) . After 1 hr. the polymerization was 
35 terminated by the addition of 5% NaOH (10 mL) , THF 
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(75 mL) and diethyl ether (-50 mL) . The organic phase 
was separate, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 1.00 g. GPC 
analysis: Mn = 233, Mw = 522, PD = 2.24 (PS STD) . 
5 EXAMPLE 18 

Polymerization of 
r.ynlohey^np Oxide with Lanthanium Triflate 
In a dry box, lanthanum triflate (0.75 g) was 
weighed in a oven dried 100 mL three neck flask equipped 
10 with a stirring bar., reflux condenser and addition 
funnel. Toluene (20 mL) was added via syringe and 
cyclohexene oxide (20 mL) was slowly added via the 
addition funnel. The polymerization was terminated 
after 2.75 hrs. via the addition of H2O (10 mL) and 
15 toluene (100 mL) . The organic phase was separated, 

concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 12.4 g (63.9%). GPC analysis 
(bimodal distribution) : Mn = 4510, Mw = 25700, 
PD - 5.70 (PS STD) . 
20 KX?iMPLE 19 

ron tiri^^^^-^ Po lymfirizatjon of THF with 
Yttfir^^-^^^^ Tr Hfiatf^ and Acetic Anhydride 
A solution of THF (-500 mL) and ytterbium triflate 
(25 g) was charged into a 500 mL capacity ISCO pump, 
25 which was connected to a 3 way 3 . 2 mm SS connector ("T" 
mixer) via 8 cm of 3.2 mm SS tubing containing a check 
valve. A second ISCO pump (500 mL capacity) was charged 
with -100 mL of acetic anhydride and this was connected 
to the "T" mixer by 75 cm of 3.2 mm SS tubing also 
30 containing a check valve. The feed rate of the 

THF/ytterbium triflate solution was 3.3 mL/min and that 
of the acetic anhydride was 0.25 mL/min, The "T" mixer 
was connected to a glass stirred holdup tank 
(approximately 60 mL volume) by 12 cm of 3.2 mm SS 
35 tubing. This tank was then connected to a second 
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stirred holdup tank (approximately 55 mL volume) via 
Cajon flex tubing with ultra torr fitting (6.4 mm, 
13 cm) . This in turn was connected to a third glass 
reactor, plug flow (approximately 60 mL volume), again 
5 via Cajon flex tubing with ultra torr fitting (6.4 mm, 
13 cm) . The polymerized solution exiting from the third 
reactor was fed to a stirred beaker containing 
water/diethyl ether. Each reactor was equipped with 
thermal well port. During the polymerization the 

10 temperature in the first reactor stabilized to 41-42'*C 
and that of the second reactor to 31-32**C and that of 
the third reactor 26-27''C. After the contents of the 
THF/ytterbium triflate pump was discharged, and two 
fractions of polymer were collected, the pump was again 

15 refilled with a solution of THF (-500 mL) and ytterbium 
triflate (25 g) . Three fractions were collected. The 
last fraction was obtained by purging the system with 
diethyl ether. 

The organic phases were separated, concentrated at 

20 reduced pressure and then dried under vacuum giving the 
following : 

Fraction Weight 

1 106.86 g 

2 79.59 g 

3 56.97 g 

4 220.2 g 

5 97.2 g 
The aqueous phases from above were collected, 

concentrated at reduced pressure and then dried under 
vacuum at 180°C giving a cream solid, 4 6.98 g, 
25 representing a 93.94% recovery of the total ytterbium 
triflate catalyst used. 
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EXAMPLE 2Q 

Pnlymerj 7.;=)t.jnn of THF with Ytterbium Triflate 
fRecoverpd from Kxample 19) and Acetic Anhydride 
In a dry box, ytterbium triflate (1.00 g) , 
5 recovered caralyst from Example 19, was weighed out in a 
100 mL RB flask equipped with a stirring bar. A rubber 
septum was attached and the flask removed from the dry 
box, A nitrogen bleed was attached and THF (20 mL) 
added followed by acetic anhydride (1.00 mL) . After 1 
10 hr. the polymerization was terminated by the addition of 
water (25 mL) , THF (25 mL) and diethyl ether (50 mL) , 
the resulting organic phase was separated, concentrated 
at reduced pressure, then dried under vacuum affording 
13.42 g (75.65%) of polymer. 
15 EXAMPLE 21 

pn1yTip<:>rT7.at:iQn of THF with 
Yttrium Triflate and Acetic Andvride at -IQX 
In a dry box, yttrium triflate (0.75 g) was weighed 
in an oven dried 100 mL RB flask equipped with a 
20 stirring bar. After sealing with a rubber septum, 
removal from the dry box and the attachment of a 
nitrogen bleed, THF (20 mL) was added. The resulting 
mixture was cooled to -78°C. Acetic anhydride (0.75 mL) 
was then added, the polymerization was terminated 5 hrs . 
25 later by the addition of water (25 mL) and diethyl ether 
(50 mL) . After warming to room temperature the 
resulting organic phase was separated, concentrated at 
reduced pressure, then dried under vacuum affording 
0.58 g (3.27%) of polymer. 
30 EXAMPLE 22 

Preparation of Di dymium (Mischmetall) Triflate 
Didymium (mischmetall) oxide (17 g) and water 
(50 mL) were added to a 200 mL RB flask equipped with 
stirring bar and an addition funnel and reflux 
35 condenser. Triflic acid (50 g) was slowly added via the 
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addition funnel to the resulting stirred slurry. After 
the addition was completed a homogeneous solution 
resulted, thus an additional 2.0 g of the oxide was 
added and the slurry heated to reflux for 2 hrs . The 
5 cooled slurry was filtered, the filtrate concentrated at 
reduced pressure and then dried under vacuum at 
150-210°C affording 58.4 g of a pink solid. 

EXAMPLE 23 

Polymer ization of THF with Didymium (Mischmetall) 
10 Triflate: Polymerization Time on Polyme r Yield 

In a dry box, didymium triflate (0.75 g) was added 
to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box and 
15 nitrogen bleeds attached. THF (20 mL) followed by 
acetic anhydride (0.75 mL) were added to each flask. 
After 15, 30, 45 and 60 minutes, a polymerization was 
terminated via the addition of 5% NaOH (10 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
20 concentrated at reduced pressure and then dried under 
vacuum. Polymer yields: 

Polymer Time Polymer Yield (%) 

15 mins. 13.92 
30 mins. 34.94 
45 mins. 43.74 
60 mins 49.4 

EXAMPLS 24 
Polymeriza tion of Refluxina THF with 
Yttrium Tr iflate and Acetic Anhydride 
25 In a dry box, yttrium triflate (0.75 g) was weighed 

into an oven dried 100 mL flask equipped with a stirred 
bar, a reflux condenser was attached, the flask sealed 
with rubber septum and removed from the dry box and a 
nitrogen bleed attached. THF (20 mL) was added and the 
30 resulting mixture heated to reflux via an oil bath 
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10 



15 



20 



(temp. ~80°C) . Acetic anhydride (0.75 mL) was added to 
the stirred refluxing mixture. After 30 minutes the 
polymerization was terminated via the addition of 5% 
NaOH (10 mL) and THF (50 mL) . The cooled organic phase 
was separated, concentrated at reduced pressure, then 
dried under vacuum giving 6.44 g (36.30%) of polymer. 



In a 300 mL RB flask were added ytterbium oxide 
(0,75 g) and Nafion® perf luorinated ion exchange resin 

powder (300 mL, 5 wt . % solution in a mixture of lower 
aliphatic alcohols and 10% water) . The resulting 
mixture was heated to lOO^C and stirred overnight. The 
resulting solution was filtered and dried under vacuum 
at 150°C, affording 9.21 g of a light brown solid. 

EXAMPLE 2$ 
Polymerization of THF with 
Ytterbium Nafion® Salt and Aceti c Anhydride 
In a dry box, the ytterbium Nafion® salt (1.00 g, 
from Example 25) was added to each of four oven dried 
100 mL RB flasks equipped with stirring bars. The 
flasks were sealed with rubber septa and removed from 
the dry box and nitrogen bleeds attached. THF (20 mL) 
followed by acetic anhydride (1.00 mL) were added to 
each flask. After 2, 3, A and 5 hrs. a polymerization 
was terminated by the addition of water (25 mL) and 
diethyl ether (50 mL) . The organic phases were 
separated, concentrated at reduced pressure and then 
dried under vacuum to give the following: 



EXAMPLE 2 5 
Preparation of Ytterbium Nafion® Salt 



Polymer Time 



Polymer Yield (%) 



2 hrs. 



5.24 



3 hrs . 



11.39 



4 hrs . 



17.08 



5 hrs. 



22.66 
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EXAMPLE 27 

Bepolymerisation of PolyTHF with Yttrium Trifl^tg 
Polytetrahydrofuran 1000 (300 g, Aldrich) and 
yttrium triflate (9 g) were placed in a 500 mL three 
5 neck flask equipped with a stirring bar, Vigreaux column 
(30.5 cm) and a fractional distillation head. A 
nitrogen purge was then attached and all other openings 
glass stoppered. The resulting mixture was then heated 
by an oil bath and the water clear distillate fractions 
10 collected as follows: 

Oil Bath Head Temp 



Fraction Temp (^C) ^£1 Weight 



1 


171-175 


64.5 




67.4 9 


2 


176 


64.5 




71,84 


3 


176 


64.5 




32.84 


4 


178 


64.5 




58.67 


5 


178 


64.5 




56.71 


Total weight of 
NMR analyses 
be THF. 

Yield (Recovery) 


distillate collected: 287.55 

of all five fractions confirmed the product to 
: 95.85% 




EXAMPLE 28 






Deoolvmerization of Polv-THF with 




Yttrium Triflate: 


Reuse of Catalvst 


To the residue remaining 


from Example 


27 


was added 


polytetrahydrofuran 1000 (300 


g, Aldrich) . 


The 


apparatus was 


reassembled the 


resulting mixture heated 


by an oil bath, and the resulting water clear 


distillate 


fractions were collected as follows: 






Fraction 


Oil Bath 
Temp (°C) 


Head Temp 
(^C) 




Weight 


1 


170-174 


63-64 




43 .39 


2 


174 


64 




62.68 


3 


175 


65 




66.15 


4 


177 


65 




55.15 


5 


177 


65 




32.58 
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Total weight of distillate collected: 259.95 g 
Yield (Recovery): 86.65% 

Total time elapsed from start of collection to termination of 
Exan^le: 2 hrs. 50 mins . 

EXAMPLE 29 
PQlymerization q£ Recovered THF with 
Ytterbium Triflate and Acetic Anhydride 
In a dry box, ytterbium triflate (1,00 g) was added 
5 to an oven dried 100 mL flask equipped with a stirring 
bar. The flask was then sealed with a rubber septum and 
removed from the dry box and a nitrogen purge attached. 
Tetrahydof uran (20 mL) from the fourth fraction of 
Example 27 was added followed by 1 mL of acetic 
10 anhydride. After 1 hour no polymerization was apparent, 
thus an additional 1 mL of acetic anhydride added. 
After 1 hour the polymerization was terminated via the 
addition of 5% NaOH and THF (50 mL) , the organic phase 
separated, concentrated at reduced pressure and then 
15 dried in vacuo overnight affording 10.31 g (58%) of 

polymer. GPC analysis: Mn = 1970, Mw = 6650, PD = 3.38 
(PS STD) . 

EXAMPLE 30 

Polymerization of Recovered Purified THF 
20 with Ytterbium Triflate and Acetic Anhydride 

Fractions 2-4 of experiment Example 27 were 
combined and distilled from sodium/benzophenone . Twenty 
mL of this dried THF was added to ytterbium triflate (1 
g) , previously weighed out in an oven dried 100 mL flask 
25 equipped with stirring bar and a nitrogen purge. Acetic 
anhydride (1 mL) was then added, after 1 hour the 
polymerization was terminated via the addition of 5% 
NaOH and THF (50 mL) , the organic phase separated and 
concentrated at reduced pressure and then in vacuo, 
30 affording 13.32 g (78.08%) of polymer. GPC analysis: 
Mn = 4110, Mw = 8860, PD = 2.15 (PS STD). 
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EXAMPLE 31 

Rpnovery of Catalyst from Depolvmerizat ion 
Water (100 mL) was added to the residue from 
Example 28, the resulting mixture was stirred at room 
5 temperature for approximately 1 hour, the aqueous phase 
separated and concentrated at reduced pressure and dried 
in vacuo at 180°C overnight affording a brown solid. 
This solid was again dissolved in water, then filtrated, 
the filtrated concentrated at reduced pressure. The 
10 resulting solid was dried under vacuum at 180°C 

overnight affording a cream solid: 6.48 g (72%) of 
recovered catalyst. 

EXAMPLE 32 
Activity of Recovered Catalyst 
15 in the PQlyiufirization of THF 

In a dry box, the recovered catalyst of Example 31 
(1 g) was placed in an oven dried 100 mL flask equipped 
with a stirring bar. The flask was sealed with a rubber 
septum and removed from the dry box and a nitrogen purge 
20 attached. THF (20 mL) was then added followed by acetic 
anhydride (1 mL) . After 1 hour the polymerization was 
terminated via the the addition of 5% NaOH and THF 
(50 mL) , the organic phase separated, concentrated and 
dried in vacuo overnight affording 13.86 g (7 8.13%) of 
25 polymer. GPC Analysis: Mn = 4460, Mw - 9280, PD = 2.08 
(PS STD) . 

EXAMPLE 33 

nppolympri^ation of Pol vTHF/3-Methyl-THF 
Copolymer with Yttrium Triflate 
30 poly-tetrahydrofuran/3-methyl-tetrahydrofuran 
copolymer (308.6 g) containing 3385 ppm water and 
yttrium triflate (9 g) were placed in a 500 mL three 
neck flask equipped with a stirring bar, Vigreaux column 
(30.5 cm), a thermometer and a fractional distillation 
35 head. A nitrogen purge was attached and all other 
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opening glass stoppered. The resulting mixture was 

heated by an oil bath and the water clear distillate 

fractions collected as follows: 

Oil Bath Rxn, "^^'^^ . ^ , , 

Pr.rtion Te n^p- ('CA Temp Temo. (°C) Weight (g) 

1 180-182 140-145 65-70 64.35 

2 182-184 140 69-70 71.03 

3 183-185 140-144 70 69.35 

4 185 143 70 70.12 

5 185 Z 70 22.35 

Total Weight Collected: 297.20 g 
% Yield (Recovery): 96.47 

Total depolymerization time: 2 hrs. 25 mns. 

gVRMPT.K 34 

p^-p^-lYHloi-^ai-Hon nf PolvTHF. 

Pi=.^^i-at-P rnrr"^- "^^^ Yttrium Trjf l ate 

Polytetrahydrofuran which was diacetate capped 

(300 g, Mn 1850) and yttrium triflate (9 g) were placed 

in a 500 mL three flask equipped with a stirring bar, 

Vigreaux (30.5 cm), a thermometer and a fractional 

distillation head. A nitrogen purge was attached and 

all other openings glass stoppered. The resulting 

mixture was heated by an oil bath and the water clear 

distillate fractions collected as follows: 

Oil Bath Rxn. ^^^'^ „ . ^.^ / ^ 

rr;.ction (°C) Tem ^^ CO Temp. (°C) Weight (g) 

1 158-160 105-129 64 82.78 

2 160-161 116-129 64-66 62.91 

3 161 116 64-67 77.71 

4 lfiT-180 67-69 51^50 

Total weight Collected: 274.90 g 
% Yield (Recovery): 91.63 

Total depolymerization time: 1 hr. 25 nuns. 
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EXAMPLE 35 

Polymerization of THF with Bis f n-cyclopentadienvl ) - 
tetrahydrofuran-bis f trif luoromethanesulf onatQ) - 
7Jroonium and Acetic Anhydride 
5 In a dry box, bis (n-cyclopentadienyl) tetrahydro- 

furan-bis (trif luoromethanesulfonato) zirconium (0.50 g) 
was added to each of four separate oven dried 100 mL RB 
flasks equipped with stirring bars. The flasks were 
sealed with rubber septa and removed from the dry box. 
10 After the attachment of nitrogen bleeds THF (10 mL) and 
acetic anhydride (0.50 mL) were added to each flask. 
After 15, 30, 45 and 60 minutes, a polymerization was 
terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phases 
15 were separated, concentrated at reduced pressure and 



then dried 


under vacuum 


Polymer 


yields and 


GPC 


analysis ; 










Polymer . 


Polymer 


Mn 






Time 


Yield (%) 


(PS STD) 


Mw 


PD 


15 mins. 


39.34 


12700 


14100 


1.11 


30 mins. 


54.79 


15000 


19000 


1.27 


4 5 mins . 


63.92 


16000 


22100 


1.38 


60 mins. 


64.26 


17200 


24500 


1.41 






EXAMPLE 3$ 







Polymerization of TH F with Bis f n-cvclopentadienvl ) - 
20 bis (trif] noromethanesulfonato) titanium 

and Acetic Anhvdride 
In a dry box, bis (n-cyclopentadienyl) -bis (t ri- 
f luoromethanesulfonato) titanium (0.50 g) was added to 
each of four separate oven dried 100 mL RB flasks 
25 equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (10 mL) and acetic 
anhydride (0.50 mL) were added to each flask. After 15, 
30, 45, 70 minutes a polymerization was terminated via 
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the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The separated organic phases were washed 
repeatedly with water (3 x 25 mL) , then separated, 
concentrated at reduced pressure and then dried under 
5 vacuum. Polymer yields and GPC analysis: 



Polymer. 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


39.35 


10700 


12000 


1.12 


30 mins. 


61.33 


13900 


17300 


1.25 


45 mins. 


67,08 


14200 


19300 


1.35 


70 mins. 


65.50 


12400 


19300 


1.56 






EXAMPLE 3^? 







Pnlymeri ration of THF with Bis ( n-cvclopenta- 
^i^nv'' ^ tfitrahyrirnfuran-hT s ftrif luoro- 
THPthanes n lfonato) zirconium and Acetvl Chlor i de 

10 In a dry box, bis (n-cyclopentadienyl) tetrahydro- 

f uran-bis (trif luoromethanesulf onato) zirconium (0.50 g) 
was added to each of three separate oven dried 100 mL RB 
flasks equipped with stirring bars. The flasks were 
sealed with rubber septa and removed from the dry box. 

15 After the attachment of nitrogen bleeds, THF (10 mL) and 
acetyl chloride (0.375 mL) were added to each flask. 
After 15, 30, and 45 minutes, a polymerization was 
terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) , The resulting organic phases 

20 were washed repeatedly with water (3 x 25 mL) , 

separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yields and GPC analysis: 



Polymer . 


Polymer 


Mn 


Mw 


PD 


Time 


Yield (%) 


(PS STD) 


15 mins. 


59.86 


7980 


10800 


1.35 


30 mins. 


68.88 


7470 


11000 


1.48 


4 5 mins. 


68.65 


5620 


9920 


1.76 
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EXAMPLE 38 

Polvmerization of THF with Bis (n-cvclopentadig^nyn - 
bis (trif luoromethanesulfonato^ titanium 

and Acetyl Chloride 
5 In a dry box, bis (/3-cyclopentadienyl) -bis (tri- 

fluoromethanesulfonato) titanium (0.50 g) was added to 
each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
10 Nitrogen bleeds were attached and THF (10 mL) and acetyl 
chloride (0.375 mL) were added to each flask. After 15, 
30, and 45 minutes a polymerization was terminated via 
the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The separated organic phases were washed 
15 repeatedly with water (3 x 25 mL) , then separated, 

concentrated at reduced pressure and then dried under 
vacuum. Polymer yields: 

Polymer. Time Polymer Yield (%) 

15 mins. 46.11 
30 mins. 66.85 
4 5 mins. 74.97 
EXAMPLE 3 9 

Polymerization of THF with Bis (n-cyclopenta- 
20 dienvl) tetrahvdrof uran-bis (trif luoromethane- 

sulfonate) zirconium and Acetic Anhydride 
In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
f uran-bis (trif luoromethanesulf onato) zirconium (0.50 g) 
was added to each of three separate oven dried 100 mL RB 
25 flasks equipped with stirring bars. The flasks were 

sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (20 mL) and 
acetic anhydride (1.00 mL) were added to each flask. 
After 15, 30, and 45 minutes, a polymerization was 
30 terminated via the addition of water (25 mL) , THF 

(50 mL) and ether (25 mL) , The resulting organic phases 
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were separated, concentrated at reduced pressure and 
then dried under vacuum. Polymer yields and GPC 



analysis : 

Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


15.22 


11300 


11900 


1.05 


30 mins. 


30.50 


18100 


20300 


1.12 


45 mins. 


39.35 


21300 


25500 


1.20 






EXAMPLE ^0 







5 Copolvmerization of THF and 3-Methvl -THF with 

Bis (n-cvclopentadienvl ) tetrahy drof uran- 
bis (trif luoromethanesulfonato) zirconinm 
and Acetic Anhydride 
In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
10 furan-bis (trifluoromethanesulfonato) zirconium (0.50 g) 

was added to each of three separate oven dried 100 mL RB 
flasks equipped with stirring bars. The flasks were 
sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (7.5 mL) , 
15 3-Methyl-THF (2.5 mL) and acetic anhydride (0.10 mL) 

were added to each flask. After 15, 30, and 45 minutes, 
a polymerization was terminated via the addition of 
water (25 mL) , THF (50 mL) and ether (25 mL) . The 
resulting organic phases were separated, concentrated at 
20 reduced pressure and then dried under vacuum. iH NMR 
analysis indicates -10.5% incorporation of 3-methyl-THF 
in the polymers. Polymer yields and GPC analysis: 



Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


24.8 


8500 


9430 


1.11 


30 mins. 


41.15 


11400 


13300 


1.17 


45 mins. 


49.15 


12200 


15500 


1,27 
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EXAMPLE 41 

Preparation of Bis (n-cvclopentad ienyl) tetra- 
hydrofuran-bis (trif luoromethanesn lf onato) hafnium 
In a dry box, hafnocene dichloride (9.93 g) was 
5 dissolved in THF (300 mL) . To this solution, with 
stirring, was added a solution of silver triflate 
(14.12 g) in THF (100 mL) . After 10 minutes the 
precipitated silver chloride was filtered off and the 
resulting filtrate concentrated to approximately half 
10 its volume at reduced pressure. Hexane (250 mL) was 
added and the resulting mixture placed in the freezer. 
The resulting precipitate was filtered and then dried 
under vacuum. Yield: 10.02 g. NMR (CDCI3) : 6.68 
(s, 10 H), 3.76 (m, 4H) , 1.84 (m, 4H) . 
15 EXAMPLE 42 

Preparation q£ Bis (pentamethyl-fl-cyclopentadienyl) - 

bis (trif luoromethanesulfona to) zirconium 
In a dry box, bis (pentamethylcyclopentadienyl) - 
zirconium dichloride (10.00 g) was dissolved in THF 
20 (300 mL) . To this solution, with stirring, was added a 
solution of silver triflate (12.46 g) in THF (100 mL) . 
After 15 minutes the precipitated silver chloride was 
filtered off and the resulting filtrate concentrated to 
approximately half its volume at reduced pressure. 
25 Hexane (250 mL) was added and the resulting mixture 

placed in the freezer. The resulting yellow precipitate 
was filtered and then dried under vacuum. Yield: 
6,02 g. ^H NMR (CDCI3) : 2.12 (s) . 

EXAMPLE 43 

30 Preparat ion of Bis (n-cy clopentadienyl) - 

bis ftrif luoromethanesulf onato) vanadium 
In a dry box, vanadocene dichloride (5.00 g) was 
dissolved in THF (300 mL) . To this solution, with 
stirring, was added a solution of silver triflate 
35 (11.19 g) in THF (100 mL) . After 15 minutes the 
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precipitated silver chloride was filtered off and the 
resulting filtrate concentrated to approximately half 
its volume at reduced pressure. Hexane (250 mL) was 
added and the resulting mixture placed in the freezer. 
5 The resulting green precipitate was filtered and then 
dried under vacuum. Yield: 6.99 g. 

f;vaMPT.F, 44 

Pnlyni^^riz g i-^nn nf THF with blS I n-rVC] OPSnta- 

o nyT ^ i-*>i-rah Y ^^^^"r«nh.i s ft rT f luoroTTifithflnesul fonatp) - 
10 ^>^^-fnn^nm anH Afff^tir Anhvdrldft in Hftxane 

In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
furan-bis (trifluoromethanesulfonato) zirconium (0.50 g) 
was added to each of three separate oven dried 100 mL RB 
flasks equipped with stirring bars. The flasks were 
15 sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds hexane (10 mL) , 
THF (20 mL) and acetic anhydride (0.10 mL) were added to 
each flask. After 15, 30, and 45 minutes, a 
polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phases were separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yields 
and GPC analysis : 



20 



Polymer, 
Time 


Polymer 
Yield {%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


4.96 


1390 


2020 


1.45 


30 mins. 


9.24 


2980 


3470 


1.16 


45 mins. 


20.40 


3410 


4030 


1.18 



F.XAMPT.E 45 

25 pniYinprj7.a t^nn of rvrlohftxene Oxide with 

r^i f n-'-Y''-"' "Pent f^ri-i pnyl^ tpt rahvdrof urgn- 

In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
furan-bis (trifluoromethanesulfonato) zirconium (0.50 g) 
30 was added to an oven dried 100 mL RB flask equipped with 
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stirring bar, reflux condenser and addition funnel. The 
flask was sealed with a rubber septum and removed from 
the dry box. After the attachment of a nitrogen bleed, 
toluene (10 mL) was added. Then a solution of 
5 cyclohexene oxide (20 mL) and toluene (10 mL) was slowly 
added via the addition funnel. After 60 minutes the 
polymerization was terminated by the addition of water 
(25 mL) and toluene (100 mL) . The separated organic 
phase was concentrated at reduced pressure and then 
10 dried under vacuum. Polymer yield: 2.28 g. GPC 

analysis (PS STD.): Mn = 13600, Mw = 24500, PD = 1.80. 

EXAMPLE 4 6 
Polymerization of THF with 
Bis (n-cyclopentadienyl) tetrahydrofuran- 
15 bis (trif luoromethanesulf onato) hafnium 

and Acetic Anhydride 
In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
furan-bis (trif luoromethanesulfonato) hafnium (0,50 g) was 
added to each of four separate oven dried 100 mL RB 
20 flasks equipped with stirring bars. The flasks were 
sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (10 mL) and 
acetic anhydride (0.50 mL) were added to each flask. 
After 15, 30, 45 and 60 minutes, a polymerization was 
25 terminated via the addition of water (25 mL) , THF 

(50 mL) and ether (25 mL) . The resulting organic phases 
were separated, concentrated at reduced pressure and 



then dried 


under vacuum. 


Polymer 


yields and 


GPC 


analysis : 










Polymer. 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


32 .13 


11200 


12200 


1.09 


30 mins. 


48 .70 


15200 


18600 


1.22 


45 mins. 


58.74 


17400 


23100 


1.33 


60 mins. 


60.54 


17000 


24100 


1.42 
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F.XRMFLE 47 

pnlymprizati nn nf THF with BiS ( n-QVClQPenr fi d 1 f^HVl ) " 
X ^j q (t-.rif lunrnmethan psnlf onato^ vanadium 
fin^^ Apfitic Anhydride 
5 In a dry box, bis (n-cyclopentadienyl) -bis (tri- 

fluoromethanesulfonato) vanadium (0.50 g) was added to 
each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. After 
10 the attachment of nitrogen bleeds THF (10 mL) and 

acetic anhydride (0.50 mL) were added to each flask. 
After 15, 30, 45 and 60 minutes, a polymerization was 
terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phases 
15 were separated, concentrated at reduced pressure and 
then dried under vacuum. Polymer yields and GPC 
analysis: 



Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


17.59 


10600 


13000 


1.22 


30 mins. 


45.32 


14100 


18800 


1.34 


45 mins. 


60.43 


15100 


21700 


1.44 


60 mins . 


62.57 


10500 


21000 


2.00 



F.yAMPLE 4 8 

P ^)Ym^ri7 ,f=it^^^ "^^^ Bj s fnentamethvl- 

20 ry^inp^nta ri^^nynhisftrifluorQm^thaner^i^lfQn^tQ)- 

7,TrrQniu m and Acetic Anhydride 
In a dry box, bis (pentamethylcyclopentadienyl) - 
bis (trifluoromethanesulfonato) zirconium (0.50 g) was 
added to each of four separate oven dried 100 mL RB 
25 flasks equipped with stirring bars. The flasks were 
sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (10 mL) and 
acetic anhydride (0.50 mL) were added to each flask. 
After 15, 30, 45 and 60 minutes, a polymerization was 
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terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phases 
were separated, concentrated at reduced pressure and 
then dried under vacuum. Polymer yields and GPC 



5 analysis: 

Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


33.26 


10600 


11900 


1,12 


30 mins. 


44.64 


12100 


14800 


1.23 


45 mins. 


60.09 


13400 


17600 


1.31 


60 mins. 


70.23 


15100 


20900 


1.38 



F.XftMPLE 49 

y , iT-^r,ninm anrj AH-ipnvl Chloride 
in a dry box, bis (pentamethylcyclopentadienyl) - 
bis (trifluoromethanesulfonato) zirconium (0.50 g) was 
added to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flas)c was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
15 nitrogen bleed THF (10 mL) and adipoyl chloride 
(0.50 mL) were added. After 45 minutes, the 
polymerization was terminated via the addition of water 
(25 mL), THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
5.87 g (66.17%) . 

f.YAMPT.E 50 

t-^i c, itTi f 1i] P rompt ha nesnl fonato)- 
^irf>r.n-i»n> fipH Arf.t.v1 Rromide 
In a dry box, bis (pentamethylcyclopentadienyl) - 
bis (trifluoromethanesulfonato) zirconium (0.50 g) was 
added to an oven dried 100 mL RB flaslc equipped with a 



20 



25 
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stirring bar. The flask was sealed with rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10 mL) and acetyl bromide (0,50 mL) 
were added. After 45 minuteS/ the polymerization was 
5 terminated via the addition of water (25 mL) , THF 

(50 mL) and ether (25 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 2.20 g. 

EXAMPLE 51 

10 Polymerization of THF with Bis f n-cyclopentadienyl) - 

bis ftrif luoromethanesulfonatol vanadium 

and ^^cetyl Bromide 
In a dry box, bis (n-cyclopentadienyl) -bis (tri- 
fluoromethanesulfonato) vanadium (0.50 g) was added to an 
15 oven dried 100 mL RB flask equipped with a stirring bar. 
The flask was sealed with rubber septum and removed from 
the dry box. After the attachment of a nitrogen bleed 
THF (10 mL) and acetyl bromide (0.50 mL) were added. 
After 60 minutes, the polymerization was terminated via 
20 the addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 3.68 g, 

EXAMPLE 52 

25 FQlymegizfltion of THF with Bis (P-cyclopent^- 

dienyl)tetrahydrp£uran-bis (trif luoromethane- 
sulfonatQ) hafnium and Acetyl Bcomide 
In a dry box, bis (ii-cyclopentadienyl) tetrahydro- 
furan-bis (trifluoromethanesulfonato) hafnium (0.50 g) was 
30 added to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10 mL) and acetyl bromide (0.50 mL) 
were added. After 30 minutes, the polymerization was 
35 terminated via the addition of water (25 mL) , THF 
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(50 iriL) and ether (25 rtiL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 2.2 9 g. 

EXAMPLE 53 

5 Polymerization of Oxepane with bis(n-cyclo- 

pentadienyl) tetrahydrofuran-bis ftrif luoro- 
methanes ulfonato) zirconium and Acetic anhydride 
In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
furan-bis (trif luoromethanesulf onato) zirconium (0,05 g) 
10 was added to an oven dried 50 mL RB flask equipped with 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed oxepane (1.00 mL) and acetic 
anhydride. (0,05 mL) were added via syringe. After 60 
15 minutes the polymerization was terminated by the 
addition of water (10 mL) and ether (25 mL) . The 
separated organic phase was concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
0.87 g. 

20 EXAMPLE 5^ 

Polymerization of THF with Bis (n-cyclopenta- 
dienyl^ tetrahydrofuran-bis (trif luoro- 
methanesulf OnatO) zirCOnium and DiglycQlyl Chloride 
In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
25 furan-bis (trif luoromethane-sulfonato) zirconium (0.50 g) 
was added an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10 mL) and diglycolyl chloride 
30 (1.00 mL) were added to the flask. After 45 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
35 0.64 g. 
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EX^LE 55 

Cnpnlymerization of THF/3-Methvl-THF with 
Ri ( n-cyclopent adienvl ) tetrahvdrof uran- 
bis (trif luoromethanesulf onatQ) zirconium 
5 and Dialycolyl Chloride 

In a dry box, bis (n-cyclopentadienyl) tetrahydro- 
furan-bis (trifluoromethanesulfonato) zirconium (0.50 g) 
was added an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
10 and removed from the dry box. After the attachment of a 
nitrogen bleed THF (7.5 mL) , 3-methyl-THF (2.5 mL) and 
diglycolyl chloride (1,00 mL) were added to the flask. 
After 45 minutes the polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 
15 (25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 0.63 g. 

EXAMPLE 56 
Polymerizati on of THF with Bis (oenta- 
20 methylcy olopentadienyl^ -bis rtrif luoro- 

methanesulfonato^ zirconium and 
Trifluoroacetic Anhydride 
In a dry box, bis (pentamethylcyclopentadienyl ) - 
bis (trifluoromethanesulfonato) zirconium (0.50 g) was 
25 added to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10 mL) and trif luoroactic anhydride 
(0.50 mL) were added. After 3 hrs., the polymerization 
30 was terminated via the addition of water (25 mL) , THF 

(50 mL) and ether (25 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 4.89 g. 
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EXAMPLE 57 

Copolymerization of THF/3-Methyl-THF with 
Bis (j7-cyclopentadienvl) tetrahydrofuran- 
bis (t rif luoromethanesulfonato) zirconium 

5 and Adipoyl Chloride 

In a dry box, bis (ri-cyclopentadienyl) tetrahydro- 
furan-bis (trif luoromethanesulfonato) zirconium (0.50 g) 
was added an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 

10 and removed from the dry box. After the attachment of a 
nitrogen bleed THF (7.5 mL) , 3-methyl-THF (2.5 mL) and 
adipoyl chloride (1.00 mL) were added to the flask. 
After 60 minutes the polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 

15 (25 mL) , The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 5.98 g, 

EXAMPLE 58 
Polymeriz ation of THF with Yttrium 
20 Triflate and Acetyl Chloride 

In a dry box, yttrium triflate (0.75 g) was added 
to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
25 Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15, 
30, 45 and 60 minutes a polymerization was terminated 
via the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
30 concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 
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Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


49.21 


1610 


3470 


2.15 


30 mins. 


50.05 


1520 


3390 


2.22 


4 5 mins. 


49.77 


1510 


3570 


2.36 


60 mins. 


52.76 


1740 


3940 


2.26 



EXAMPLE 5 9 
Polymeriz ation of THF with Ytterbium 
Triflate and Acetyl Chloride 



In a dry box, ytterbium triflate (0,75 g) was added 
5 to each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15, 
10 30 and 45 minutes a polymerization was terminated via 
the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The resulting organic phases were separated^ 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 



Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins . 


52.59 


1710 


3790 


2.22 


30 mins. 


52.82 


1730 


4540 


2.61 


45 mins. 


52.25 


1730 


4690 


2.71 



15 EXAMPLE 6Q 

Polymerization of THF with Didvmium f Mischmetall ) 
Triflate and Acetyl Chloride 
In a dry box, didymium triflate (0.75 g) was added 
to each of three separate oven dried 100 mL RB flasks 
20 equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15, 
30 and 45 minutes a polymerization was terminated via 
25 the addition of water (25 mL) , ether (25 mL) and THF 
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(50 iTiL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 
Polymer. Polymer Mn 



Time Yield (%) (PS STD) 



Mw 



PD 



10 



15 



15 mins. 
30 mins, 
4 5 mins. 



21.98 1020 2000 1.95 

26.94 926 1780 1.92 

32.86 1040 2060 1.97 
EXAMPLE 61 

prs]y|pArT7.ation of THF with Frhi )im TrlflStg 

and Acet yl Chloride 
In a dry box, erbium triflate (0.75 g) was added to 
each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15, 
30 and 45 minutes a polymerization was terminated via 
the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) • The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 
Polymer . Polymer Mn 



Time Yield (%) (PS STD) 



Mw 



PD 



20 



25 



15 mins. 
30 mins. 
45 mins. 



53.83 1570 3400 2.17 

56.09 1650 4090 2.47 

56.99 1710 4310 2.51 

FXAMPLE 62 
p^l YHI^rW.ahion nf THF with Scandium 
T^T^ifipi-i:* and Acptvl Chloride 
In a dry box, scandium triflate (0.75 g) was added 
to each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15, 
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30 and 45 minutes a polymerization was terminated via 
the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
5 vacuum. Polymer yields and GPC analysis: 



Polymer. 


Polymer 


Mn 




PD 


Time 


Yield (%) 


(PS STD) 


Mw 


15 mins. 


53.33 


1750 


4180 


2.38 


30 mins. 


54.17 


1690 


4630 


2.73 


45 mins . 


53.49 


1570 


5660 


3.61 






EXAMPLE 63 








Pnl vmf»rization of THF 


with Copper- 






Triflate 


and Acetvl 


Chloride 





In a dry box, copper triflate (0.75 g) was added to 

10 each of three separate oven dried 100 mL RB flasks 

equipped with stirring bars. The flasks were sealed 

with rubber septa and then removed from the dry box. 

Nitrogen bleeds were attached and THF (20 mL) and acetyl 

chloride (0-75 mL) were added to each flask. After 15, 

15 30 and 45 minutes a polymerization was terminated via 

the addition of water (25 mL) , ether (25 mL) and THF 

(50 mL) . The resulting organic phases were separated, 

concentrated at reduced pressure and then dried under 

vacuum. Polymer yields and GPC analysis; 

Polymer. Polymer Mn 

Time Yield (%) (PS STD) Mw PD 

15 mins. 23.56 1010 2150 2.13 

30 mins. 31.74 1250 2720 2.18 

45 mins. 43.24 1390 3180 2.29 

20 EXAMPLE 64 

pnlyTT^firizatjon Of THF with Tin 
Triflate and Acetvl Chloride 
In a dry box, tin triflate (0,75 g) was added to 
each of three separate oven dried 100 mL RB flasks 
25 equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
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Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15, 
30 and 45 minutes a polymerization was terminated via 
the addition of water (25 mL) , ether (25 mL) and THF 
5 (50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
• vacuum. Polymer yields: 

Polymer. Time Polvmer Yield (%) 

ISmins. 23.96 
30 mins. 40.53 
45 mins. ^l-^O 
P.VRMPLE 65 

10 jr^^'^^^^- and Acetyl r,hlpri<?e 

in a dry box, zirconium triflate (0.75 g) was added 
to each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 

15 Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0.75 mL) were added to each flask. After 15, 
30 and 45 minutes a polymerization was terminated via 
the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The resulting organic phases were separated, 

20 concentrated at reduced pressure and then dried under 

vacuum. Polymer yields and GPC analysis: 

Polymer. Polymer Mn 

Time Yield (%) (PS STD) Mw Pp 

15 mins. 49.04 2040 4320 2.12 

30 mins. 64.43 2200 4880 2.21 

45 mins. 65.84 2290 5190 2.27 

TT.VAMPT.E 66 

p ^1 ,3°Ti7p,fion nf TY^ with zjnr Triflate 
nn^ A^°rY^ rhlnride 
25 In a dry box, zinc triflate (0.75 g) was added to 

each of three separate oven dried 100 mL RB flasks 
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equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetyl 
chloride (0,75 mL) were added to each flask. After 45, 
5 60 and 75 minutes a polymerization was terminated via 
the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields: 

Polymer. Time Polymer Yield (%) 

15 mins. 5.64 
30 mins. 6.88 
45 mins . 7.61 
10 SXflMPLE 67 

Pnl ymerization of THF with Yttrium 
Triflate and Adipovl Chloride 
In a dry box, yttrium triflate (1.00 g) was added 
to each of three separate oven dried 100 mL RB flasks 
15 equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and 
adipoly chloride (1.00 mL) were added to each flask. 
After 15, 30 and 45 minutes a polymerization was 
20 terminated via the addition of water (25 mL) , ether 

(25 mL) and THF (50 mL) . The resulting organic phases 
were separated, concentrated at reduced pressure and 
then dried under vacuum. Polymer yields and GPC 



analysis : 

Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins. 


56.20 


2020 


4350 


2.16 


30 mins. 


58.62 


2350 


4790 


2 .04 


45 mins. 


58.40 


1910 


5250 


2.75 
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EXAMFLS 68 

Polymerization of THF with Terephthaloyl 
Chloride and Yttrium Triflate 
In a dry box, yttrium triflate (0,75 g) and 



5 terephthaloyl chloride (2.00 g) were added to a 100 mL 
RB flask equipped with a stiiring bar. The flask was 
sealed with a rubber septum and removed from the dry 
box. A nitrogen purge was attached and THF (20 mL) 
addeded via syringe. After 90 minutes the 

10 polymerization was terminated by the addition of water 
(25 mL) and THF (25 mL) and ether (50 mL) . The 
separated organic phase was concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
2.25 g. GPC Analysis (PS STD.): Mn = 40900, 

15 Mw = 63000, PD - 1.54. 



20 to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetyl 
bromide (1.50 mL) were added to each flask. After 15, 

25 30, 45 and 60 minutes a polymerization was terminated 

via the addition of water (25 mL) , ether (25 mL) and THF 
(50 mL) . The resulting organic phases were separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields: 



EXAtgLE 69 

Polymerization of THF with Neodymium 
Triflate and Acetyl Bromide 



In a dry box, neodymium triflate (0,75 g) was added 



Polymer. Time 



Polymer Yield (%) 



15 mins. 



27.11 



30 mins. 



27.06 



45 mins. 



28.13 



60 mins. 



27,28 
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EXAMPLE 7Q 

Polymerization of THF with Dialvcolvl 
rhloride and Ytterbium Triflate 
In a dry box, ytterbium triflate (1.00 g) was added 
5 to a 100 mL RB flask equipped with a stirring bar. The 
flask was sealed with a rubber septum and removed from 
the dry box, A nitrogen purge was attached and THF 
(20 mL) addeded via syringe, followed by diglycolyl 
chloride (2.00 mL, 97%), After 60 minutes the 
10 polymerization was terminated by the addition of water 
(25 mL) and THF (25 mL) and ether (50 mL) . The 
separated organic phase was concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
9,53 g, 

15 EXAMPLE 71 

Polymerization of THF with Dialycolyl 
Chloride and Zirconium Triflate 
In a dry box, zirconium triflate (1,00 g) was added 
to a 100 mL RB flask equipped with a stiiring bar. The 
20 flask was sealed with a rubber septum and removed from 
the dry box. A nitrogen purge was attached and THF 
(20 mL) added via syringe, followed by diglycolyl 
chloride (2.00 mL, 97%). After 60 minutes the 
polymerization was terminated by the addition of water 
25 (25 mL) and THF (25 mL) and ether (50 mL) . The 

separated organic phase was concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
7.32 g. 

EXAMPLE 72 

30 Copolymer ization of THF/3-Methvl-THF 

with Ytterbium Triflate and Adioovl Chloride 
In a dry box, ytterbium triflate (0,50 g) was added 
an oven dried 100 mL RB flask equipped with a stirring 
bar. The flask was sealed with a rubber septum and 
35 removed from the dry box. After the attachment of a 
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nitrogen bleed THF (7.5 mL) , 3-methyl-THF (2.5 mL) and 
adipoyl chloride (1.00 mL) were added to the flask. 
After 60 minutes the polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 
5 (25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 5.2 g. 

EXAMPLE 73 
Pnlymfirizat inn nf THF with Scandium 
10 Triflate and Acetic Anhydride 

In a dry box, scandium triflate (0.75 g) was added 
to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. After 
15 the attachment of nitrogen bleeds THF (20 mL) and 

acetic anhydride (0.75 mL) were added to each flask. 
After 15, 30, 45 and 60 minutes, a polymerization was 
terminated via the addition of water (25 mL) and THF 
(50 mL) , The resulting organic phases were separated, 
20 concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analysis: 



Polymer . 
Time 


Polymer 
Yield (%) 


Mn 
(PS STD) 


Mw 


PD 


15 mins . 


63.64 


3780 


11000 


2.91 


30 mins . 


70.85 


3270 


9270 


2.82 


45 mins. 


70.85 


2780 


9740 


3.49 


60 mins. 


74 .18 


2930 


8330 


2.84 



FXAMPLE 74 
Pnlymeriz ^^t.inn of THF with COPPer 
7T^if1ate and Acet t c Anhydride 



25 In a dry box, copper triflate (0.75 g) was added to 

each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and then removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetic 
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anhydride (0.75 mL) were added to each flask. After 45, 
60, 75 and 90 minutes a polymerization was terminated 
via the addition of water (25 mL) and THF (50 mL) . The 
separated organic phases were separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
yields and GPC analysis: 

Polymer. Polymer Mn 

Yield (») (PS STD) 



Mw 



PD 



45 mins . 
60 mins. 
75 mins. 
90 mins . 



23.90 10500 21100 2.01 

30.10 12000 23400 1.95 

35.00 11400 23500 2.07 

53.21 13900 25900 1.86 

F.^AMPLE 75 
p^-|Yni"T.i7«tiAn nf THF with riirTOniUin 

Trifiate and Reetjc anhydride 
10 in a dry box, zirconium trifiate (0.75 g) was added 

to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetic 
15 anhydride (0.75 mL) were added to each flask. After 15, 
30, 45 and 60 minutes, a polymerization was terminated 
via the addition of water (25 mL) and THF (50 mL) . The 
resulting organic phases were separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
20 yields: 

Polymer . Time PnTymer Yield (%) 



>lyme 
15 mins. 
30 mins. 
45 mins. 
60 mins. 



58.06 
65.84 
66.91 
71.87 
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mMPLE 76 

Triflatp and Acft i 0 Anhy dride 
in a dry box, tin triflate (0.75 g) was added to 
5 each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. 
Nitrogen bleeds were attached and THF (20 mL) and acetic 
anhydride (0.75 mL) were added to each flask. After 15, 
10 30, 45 and 90 minutes, a polymerization was terminated 
via the addition of water (25 mL) and THF (50 mL) . The 
resulting organic phases were separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
yields : 

Polymer. Time Polvmer Yield (%) 

15 mins. 24.01 
30 mins. 44.08 
45 mins. 54.68 
60 mins. 58.40 
FVAMPLE 77 
p ^ 1yP1^T-i7.al--ion nf THF with ZiX\Q 
TTi'flate AoPhlr Anhydride 

In a dry box, zinc triflate (0.75 g) was added to 
an oven dried 100 mL RB flask equipped with a stirring 
20 bar. The flask was sealed with a rubber septum and 

removed from the dry box. A nitrogen bleed was attached 
and THF (20 mL) and acetic anhydride (0.75 mL) were 
added. After stirring overnight the polymerization was 
terminated via the addition of water (25 mL) and THF 
25 (50 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer Yield: 3 . 17 g (17 . 87% ) . 
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EXAMPLE 78 
Df^pnlymerization of Polvtetrahvdrofuran 
with Copper Triflate 
Polytetrahydrofuran diol, Mn = -1,000, and copper 
5 triflate (9 g) were placed in a 500 mL three neck flask 
equipped with a stirring bar, Vigreaux column (12") and 
a fractional distillation head. A nitrogen purge was 
attached and all other openings were glass stoppered. 
The resulting mixture was heated by an oil bath and the 
10 resulting water clear distillate fractions collected as 
follow: 



Fraction 


Oil Bath 
Temp C^C) 


Rxn Temp. 


Head Temp. 
(°C) 


Weight 


1 


168 


135-139 


64 


47.85 


2 


168 


128-135 


64 


57.09 


3 


168 


118-128 


66 


53.67 


4 


168 


106-128 


66 


57.77 


5 


168 


106 


66 


76.30 



Total weight of distillate collected: 292.68 g 
% Yield (Recovery): 97.56% 

Total depolymerization time from start of collection to 
15 termination of experiment: 1 hr. 4 5 mins. 

EXAMPLE 79 

Conolvmerization of THF/3-Methvl-THF with 
Zirconium Tr iflate and Acetic Anhydride 
In a dry box, zirconium triflate (0.50 g) was added 
20 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (7.5 mL) and 3-methyl-THF (2.5 mL) were 
added followed by acetic anhydride (1.00 mL) , After 45 
25 minutes the polymerization was terminated via the 
addition of water (25 mL) and THF (50 mL) . The 
resulting organic phase was separated, concentrated at 
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reduced pressure and then dried under vacuum. Polymer 
yield: 5 . 68 g. 

EXAMPLE 80 

CppQlymerization of THF/S-Methyl-THF with 

5 Co pper T riflate and Acetic Anhydride 

In a dry box, copper triflate (0.50 g) was added to 
an oven dried 100 mL RB flask equipped with a stirring 
bar. The flask was sealed with a rubber septum and 
removed from the dry box. A nitrogen bleed was attached 

10 and THF (7.5 mL) and 3-methyl-THF (2.5 mL) were added 
followed by acetic anhydride (1.00 mL) . After 60 
minutes the polymerization was terminated via the 
addition of water (25 mL) and THF (50 mL) . The 
resulting organic phase was separated, concentrated at 

15 reduced pressure and then dried under vacuum. Polymer 
yield: 2.48 g. 

EXAMPLE 81 
Copolymerization of THF/3-Methyl-THF 
with Tin T riflate and Acetic Anhydride 
20 In a dry box, tin triflate (0.50 g) was added to an 

oven dried 100 mL RB flask equipped with a stirring bar. 
The flask was sealed with a rubber septum and removed 
from the dry box. A nitrogen bleed was attached and THF 
(7.5 mL) and 3-methyl-THF (1,6 mL) were added followed 
25 by acetic anhydride (1.00 mL) . After 60 minutes the 

polymerization was terminated via the addition of water 
(25 mL) and THF (50 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 4.42 g. 
30 EXAMPLE 82 

Copolymerization of THF/3-Methvl-THF with 
g^candium Triflate and Acetic Anhydride 
In a dry box, scandium triflate (0.50 g) was added 
to an oven dried 100 mL RB flask equipped with a 
35 stirring bar. The flask was sealed with a rubber septum 
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and removed from the dry box. A nitrogen bleed was 
attached and THF (7.5 ml) and 3-methyl-THF (2.5 mL) were 
added followed by acetic anhydride (1.00 mL) . After 45 
minutes the polymerization was terminated via the 
5 addition of water (25 mL) and THF (50 mL) . The 

resulting organic phase was separated^ concentrated at 
reduced pressure and then dried under vacuum. Polymer 
yield: 5.81 g. 

EXAMPLE 83 

10 Polymerization of THF with Copper Triflate 

and Trif luoroacetic Anhydride 
In a dry box, copper triflate (1.00 g) was added to 
an oven dried 100 mL RB flask equipped with a stirring 
bar. The flask was sealed with a rubber septum and 
15 removed from the dry box. A nitrogen bleed was attached 
and THF (20 mL) and trif luoroacetic anhydride (2.00 mL) 
were added. After stirring for 3 hrs. the 
polymerization was terminated via the addition of water 
(25 mL) and THF (50 mL) . The resulting organic phase 
20 was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer Yield: 7.5 g. 

EXAMPLE 84 

Polymer ization of THF with Trif luoroacetic Acid 

and Yttgrbivm Triflate gt ^iX 
25 In a dry box, ytterbium triflate (5.00 g) was added 

to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with rubber septa 
and removed from the dry box. After the attachment of 
nitrogen bleeds THF (20.00 mL) and trif luoroacetic acid 
30 (4.00 mL) were added to the flask. Then flask was them 
immediately placed in an oil bath maintained at 45°C. 
After 120 minutes the polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
35 concentrated at reduced pressure and then dried under 
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vacuum. Polymer yield: 6.61 g. GPC analysis 
(PS STD.): Mn = 5680; Mw = 9090, PD = 1.60. 

EXMFLE 85 

Polymerization of THF with Trif luoroacet ic 
5 Acid and Ytterbium Trif late at 4 5^C 

In a dry box, ytterbium trif late (5.00 g) was added 
to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with rubber septa 
and removed from the dry box. After the attachment of a 
10 nitrogen bleed THF (20.00 mL) and trif luoroacetic acid 
(5.00 mL) were added to the flask. The flask was then 
immediately placed in an oil bath maintained at 45°C. 
After 120 minutes the polymerization was terminated via 
the addition of water (25 mL), THF (50 mL) and ether 
15 (25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 3.07 g. GPC analysis 
(PS STD.) : Mn = 3290, Mw = 4810, PD = 1.46. 

EXAMPLE 86 

20 Polymerization of THF with Trif luoroacet ic 

Acid and Ytterbium Tarifldte 
In a dry box, ytterbium trif late (2.00, 3.00, 4.00 
and 5.00 g) was added to each of four separate oven 
dried 100 mL RB flasks equipped with stirring bars. The 

25 flasks were sealed with rubber septa and removed from 
the dry box. After the attachment of nitrogen bleeds 
THF (20.00 mL) and trif luoroacetic acid (2.00 mL) were 
added to each flask. After 90 minutes the polymeriza- 
tions were terminated via the addition of water (2 5 mL) , 

30 THF (50 mL) and ether (25 mL) . The resulting organic 

phases were separated, concentrated at reduced pressure 
and then dried under vacuum. Polymer yields and GPC 
analyses : 
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Ytterbium 
Triflate (g) 


Polymer 
yield (cr) 


Mn 

(PS STD.) 


Mw 


PD 


2.00 


5.32 


60200 


95600 


1.59 


3.00 


5.95 


58500 


89400 


1.53 


4.00 


€.70 


46100 


76700 


1.66 




EXAMPLE 


87. 







Pnlymfiri ^ f^l-inn nf THF w1t.h Tr i f 1 UOrOaCSt i c 
Arid and Y^^^^^^^"" Triflate 
In a dry box, yttrium triflate (3,00 g) was added 
5 to each of three separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. After 
the attachment of nitrogen bleeds THF (20.00 mL) and 
trifluoroacetic acid (5.00 mL) were added to each flask. 
10 After 120, 150 and 180 minutes a polymerization was 
terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phases 
were separated, concentrated at reduced pressure and 



then dried 


under vacuum 


Polymer yields and 


GPC 


analyses : 










Polymer. 
Time 


Polymer 
Yield (cr) 


Mn 

(PS STD.) 


Mw 


PD 


120 mins. 


1.57 


22700 


32900 


1.45 


150 mins. 


2.75 


24600 


37900 


1.54 


180 mins. 


3.69 


30300 
F.X AMPLE 88 


46400 


1.54 



pr^iy m i:> r^^-^^^Q" ^^^^ Tr 1 f luoroacet 1 c 

ftnjd ^nd Erbium Triflate 
In a dry box, erbium triflate (4.00 g) was added to 
20 each of five separate oven dried 100 mL RB flasks 

equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. After 
the attachment of nitrogen bleeds THF (20.00 mL) and 
trifluoroacetic acid (5.00 mL) were added to each flask, 
25 After 60, 90, 120, 150 and 180 minutes a polymerization 
was terminated via the addition of water (25 mL) , THF 
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(50 mL) and ether (25 mL) . The resulting organic phases 
were separated, concentrated at reduced pressure and 



then dried 


LXi lUC X- V u w . 


Polymer 


yields and 


GPC 


analyses : 










Polymer. 


Polymer 
Yield (Q) 


Mn 

(PD STD.) 


Mw 


PD 


60 itiins. 


2.02 


13300 


20900 


1.57 


90 mins. 


3.13 


26500 


36900 


1.39 


120 mins. 


4.84 


26600 


39700 


1.49 


150 mins. 


5.08 


30600 


49600 


1.62 


180 mins. 


5.56 


27900 


45700 


1.63 



10 



15 



Popnl YmPr-izat inn of THF /^-Met hvl -THF with 
Acid ^nd Ytterbium Triflate 
In a dry box, ytterbium triflate (5.00 g) was added 
to separate oven dried 100 mL RB flasks equipped with 
stirring bars. The flasks were sealed with rubber septa 
and removed from the dry box. After the attachment of 
nitrogen bleeds THF (15.00 mL and 3-methyl-THF (5.00 mL) 
were added to each flask. Trif luoroacetic acid (3 and 
4 mL) was then added to each flask. After 120 minutes 
the polymerizations were terminated via the addition of 
water (25 mL) , THF (50 mL) and ether (25 mL) . The 
resulting organic phases were separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
yields and GPC analyses: 



Trifluoroacetic 
Acid 



Polymer 
Yield (g) 



Mn 

(PS STD.) 



Mw 



PD 



20 



3 mL 

4 mL 



25 



5.37 24500 37500 1.53 

3,9 20900 30300 1.45 

F.y AMPLE 90 

pniyTTiPri7 ^ti^^ ^HF with Trif 1 uoroacet jr ftnhydride/ 

T^iflynrnnnet j^ Arid anri Ytterbium Trifl&te 
In a dry box, ytterbium triflate (3.00 g) was added 
to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
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with rubber septa and removed from the dry box. After 
the attachment of nitrogen bleeds THF (20.00 mL) was 
added to each flask. Trif luoracetic anhydride and 
trifluoroacetic acid were added together via syringes in 
5 the ratios shown below. After 60 minutes the 

polymerizations were terminated via the addition of 
water (25 mL) , THF (50 mL) and ether (25 mL) . The 
resulting organic phases were separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
10 yields and GPC analyses: 

Trifluoroacetic Anhydride/ J,<>^^^1 pp 
TrifluoroarpMc Acid ( "'T.) Yield (q) (PS STD.) Mw 

5/2 10.66 8090 13400 1-66 

9.21 6600 10100 1.54 

5/4 7.13 5200 8150 1.57 

5/5 4.86 4200 59100 1.41 

y.yAMPT.F. 91 

P^1y niori.;,t-i n n "f -^"^ Tri f 1 iioroacetic 

in a dry box, ytterbium triflate (3.00 g) was added 
15 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (20.00 mL) was added to the flask. 
Trif luoracetic anhydride (3.00 mL) and trifluoroacetic 
20 acid (5.00 mL) were added together via syringe. After 
60 minutes the polymerization was terminated via the 
addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
25 vacuum. Polymer yield: 6.85 g. GPC analysis: 
Mn = 5910, Mw = 9970, PD = 1.50 (PS STD.). 
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EXAMPLE 92 

Pn^ ymetri^.ritAnn of THF with Pentaf 3 noropropionic 

^riH Rnd Ytter bium Triflate 
In a dry box, ytterbium triflate (5.00 g) was added 
5 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (20.00 mL) and pentaf luoropropionic 
acid (2.00 mL) were added via syringe. After 150 
10 minutes the polymerization was terminated via the 
addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 9.42 g. GPC analysis: 
15 Mn - 71500, Mw - 126000, PD - 1.77 (PS STD . ) . 

EXAMPLE 93 

P0lymf>ri7 , Al-Tnn of T HF with Pentaf luoroprOPjoniC 

ArAd and Ytterbium Triflate 
In a dry box, ytterbium triflate (5.00 g) was added 
20 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (20.00 mL) and pentaf luoropropionic 
acid (5.00 mL) were added via syringe. After 150 
25 minutes the polymerization was terminated via the 
addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 7.00 g. GPC analysis: 
30 Mn = 20100, Mw - 38700, PD = 1.92 (PS STD.) . 

FyAMPLE 94 

P^l yp ^ y-^^-^^-iQ^ ^^^-^ Cvanoacetic Acid 

^pH Yttf^rbium Triflate 
In a dry box, ytterbium triflate (5.00 g) and 
35 cyanoacetic acid (5.00 g) were added to an oven dried 



wo 94/09055 



62 



PCT/US93/09808 



100 mL RB flask equipped with a stirring bar. The flask 
was sealed with a rubber septum and removed from the dry 
box. After the attachment of a nitrogen bleed THF 
(20.00 mL) was added via syringe. After 150 minutes the 
5 polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) , The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
6.15 g. GPC analysis: Mn = 22900, Mw = 33900, 
10 PD = 1.48 (PS STD.) . 

EXAMPLE 95 

Polvmerization of THF with Trifluoroac^f^t 1 r 
Acid and Aluminum Triflate 
In a dry box, aluminum triflate (1.5 g) was added 
15 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10 mL) and trif luoroacetic acid 
(1.5 mL) were added via syringe. After 120 minutes the 
20 polymerization was terminated via the addition of water 
(25 mL), THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
4,17 g. GPC analysis: Mn 28500, Mw = 52000, 
25 PD = 1.82 (PS STD.) . 

EXAMPLE 96 

Polymerization of THF with Trif luoroacetic 
Acid and Zirconium Triflate 
In a dry box, zirconium triflate (1.5 g) was added 
30 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10 mL) and trif luoroacetic acid 
(1.5 mL) were added via syringe. After 120 minutes the 
35 polymerization was terminated via the addition of water 
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(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
5.63 g. GPC analysis: Mn = 33300, Mw = 52600, 
5 PD = 1.58 (PS STD.) . 

EXAMPLE 97 

Polymer ization of THF with Pentaf luoropropionic 

Acid and Aluminum Triflate 
In a dry box, aluminum triflate (2.5 g) was added 
10 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10.00 mL) and pentaf luoropropionic 
acid (0.90 mL) were added via syringe. After 120 
15 minutes the polymerization was terminated via the 
addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 6.73 g. GPC analysis: 
20 Mn = 11700, Mw « 20600, PD - 1.76 (PS STD.) . 

EXAMPLE 98 

Polymerization of THF with Chlorodif luoroacet ic 

Arid and Zirconium Triflate 
In a dry box, zirconium triflate (2.5 g) was added 
25 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (10.00 mL) and chlorodif luoroacet ic 
acid (2.50 mL) were added via syringe. After 120 
30 minutes the polymerization was terminated via the 
addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yield: 5.55 g. GPC analysis: 
35 Mn = 19600, Mw = 35300, PD = 1.80 (PS STD . ) . 
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Polymerization of THF with 4 -Nitrobenzoic Acid 

and Aluminum Triflate 
In a dry box, aluminum triflate (1.50 g) and 
5 4-nitrobenzoic acid (4.50 g) were added to an oven dried 
100 mL RB flask equipped with a stirring bar. The flask 
was sealed with a rubber septum and removed from the dry 
box. After the attachment of a nitrogen bleed THF 
(20.00 mL) was added via syringe. After 30 minutes the 
10 polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was washed with water (2 x 1000 mL) , 
separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 4.43 g. GPC 
15 analysis: Mn = 37000, Mw = 51000, PD = 1.38 (PS STD . ) . 

EXAMPLE 100 
P olymerization of THF with Trif luoroacetic 
Ar.id and Yttrium Triflate 
In a dry box, yttrium triflate (3.00 g) was added 
20 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (20.00 mL) and trif luoroacetic acid 
(5.00 mL) were added via syringe. After 180 minutes the 
25 polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
3.69 g. GPC analysis: Mn = 30300, Mw = 46400, 
30 PD = 1.54 (PS STD.) . 

EXAMPLE 101 
ropni ymerization of THF/3-Methvl-THF with 

Trif luoroacetic Acid and Ytterbium Tlif late 

In a dry box, ytterbium triflate (5.00 g) was added 
35 to an oven dried 100 mL RB flask equipped with a 
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stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
nitrogen bleed THF (15.00 mL) , 3-methyl-THF (5.00 mL) 
and trif luoroacetic acid (3,00 mL) were added via 
5 syringe. After 120 minutes the polymerization was 
terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer yield: 5.37 g, GPC 

10 analysis: Mn = 24500, Mw = 37500, PD = 1.53 (PS STD.). 

EXAMPLE 1Q2 
Polymerization of THF with Acetic Acid 
and Ytterbium Triflate 
In a dry box, ytterbium triflate (5.00 g) was added 

15 to each of four separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. After 
the attachment of nitrogen bleeds THF (20.00 mL) and 
acetic acid (5.00 mL) were added to each flask. After 

20 3, 4, 5 and 24 hours a polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) , The resulting organic phases were separated, 
washed with water (2 x 50 mL) , concentrated at reduced 
pressure and then dried under vacuum. Polymer yields 

25 and GPC analyses: 



Polymer. Polymer Mn 

Time (Hrs.) Yield (g) (PS STD.) Mw PD_ 

3 1.15 17900 34600 1.93 

4 1.38 18400 33700 1.83 

5 1.71 16400 34000 2.07 
24 5.29 13000 30400 2.33 
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15 



Polymer. 
Time (Hts.) 

2 

3 

4 

5 

6 

24 



p;y&MPT.F. 103 

p^^.,,^^ ^i7^tinn THV with Forinir ftrjd (96%) 

^r-i^ ^nrt YttPrbiiiTTi Triflate 
in a dry box, ytterbium triflate (5.00 g) was added 
5 to each of six separate oven dried 100 mL RB flasks 
equipped with stirring bars. The flasks were sealed 
with rubber septa and removed from the dry box. After 
the attachment of nitrogen bleeds THF (20.00 mL) and 
formic acid (96%, 0.75 mL) were added to each flask. 
10 After 2, 3, 4, 5, 6 and 24 hours a polymerization was 
terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phases 
were separated, washed with water (2 x 50 mL) , 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analyses: 

Polymer 
Yield (cr) 

1.25 14300 

1.65 15100 

2.27 17600 

2.72 16700 

3.29 15300 

7.93 10700 

]:;yP|MPT.F. 104 

p^V,T n..i..tin n of THF wit . h Fr^rmr ftrid (9^%) 

in a dry box, ytterbium triflate (15.77 g) was 
20 added to each of six separate oven dried 100 mL RB 
flasks equipped with stirring bars. The flasks were 
sealed with rubber septa and removed from the dry box. 
After the attachment of nitrogen bleeds THF (20.00 mL) 
and formic acid (96%, 2.00 mL) were added to each flask 
25 After 2, 3, 4, 5, 6 and 24 hours a polymerization was 
terminated via the addition of water (25 mL) , THF 
(50 mL) and ether (25 mL) . The resulting organic phase 



Mw 


PD 


29500 


2.06 


30300 


2.00 


32700 


1.88 


30800 


1.85 


29800 


1.95 


23100 


2.16 
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were separated, washed with water (2 x 50 mL) , 
concentrated at reduced pressure and then dried under 
vacuum. Polymer yields and GPC analyses: 

Polymer. Polymer on 
Time <Hrs.) Yield (o) (PS STD.) Mw £2 

2 1.67 4350 10900 2.51 

3 2.22 5560 12O00 2.16 

4 2.83 5320 12400 2.34 

5 3.09 5460 12100 2.22 

6 3.28 5390 11700 2.19 
24 5.82 3050 7860 2.58 

f.Y&MPLE 105 

5 pr ?lY^p^iza t ^^n of THF with Pvruvonit rile 

rind Yr^■prhium Triflate 
In a dry box, ytterbium triflate (3.00 g) was added 
to a 100 mL round bottom flask equipped with a stirring 
bar. The flask was sealed with a rubber septum and 
10 removed from the dry box. After the attachment of a 
nitrogen bleed THF (20.00 mL) was added followed by 
pyruvonitrile (95%, 2.00 mL) . After 60 minutes the 
polymerization was terminated by the addition of water 
(10 mL), THF (25 mL) and diethyl ether (25 mL) . The 
15 resulting organic phase was separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
yield: 1.44 g. GPC analysis: Mn = 52700, Mw = 67000, 
PD = 1.27 (PS STD.) . 

f;v AMPLE 106 

20 polymPriza r ^"" THF With ACet 1 ftO l d/ 

Anhyririd f^ and Yttr ium Tr i flate 
In a dry box, yttrium triflate (1.00 g) was added 
to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
25 and removed from the dry box. After the attachment of a 
nitrogen bleed THF (20.00 mL) , acetic acid (2.00 mL) and 
acetic anhydride (2.00 mL) were added via syringe. 
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After 60 minutes the polymerization was terminated via 
the addition of water (25 mL) , THF (50 mL) and ether 
(25 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
5 vacuum. Polymer yield: 7.32 g. GPC analysis: 
Mn = 2470, Mw = 5250, PD = 2,13 (PS STD . ) . 

EXAMPLE 107 

Polymerisation of THF with Trichloroacetic Acid 
and Aluminum Triflate 

10 In a dry box, aluminum triflate (4.5 g) and 

trichloroacetic acid (4.5 g) were added to an oven dried 
100 mL RB flask equipped with a stirring bar. The flask 
v^as sealed with a rubber septum and removed from the dry 
box. After the attachment of a nitrogen bleed THF 

15 (10.00 mL) was added via syringe. After 120 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was washed with water (2 x 50 mL) , 
separated, concentrated at reduced pressure and then 

20 dried under vacuum. Polymer yield: 5.0 g. GPC 

analysis: Mn - 33500, Mw - 80100, PD = 2.39 (PS STD . ) . 

F.XftMPLE 1Q8 

Polymeriza tion of THF with 1 l-Cvano-l-undecanQic 
Anid and Ytterbium Triflate 

25 In a dry box, ytterbium triflate (10.00 g) and 

11-cyano-l-undecanoic acid (5.00 g) were added to an 
oven dried 100 mL RB flask equipped with a stirring bar. 
The flask was sealed with a rubber septum and removed 
from the dry box. After the attachment of a nitrogen 

30 bleed THF (20.00 mL) was added via syringe. After 6 

hrs. the polymerization was terminated via the addition 
of water (25 mL) , THF (50 mL) and ether (25 mL) . The 
resulting organic phase was separated, washed with 5% 
sodium bicarbonate (2 x 25 mL) , concentrated at reduced 
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pressure and then dried under vacuum. Polymer yield: 
5.61 g. 

EXAMPLE 1Q9 

pol ymeri zation of THF with 4-Acetvlbutvric Acid 
5 and Ytterbium Triflate 

In a dry box, ytterbium triflate (10,00 g) was 
added to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of a 
10 nitrogen bleed THF (20.00 mL) and 4-acetylbutyric 

(1.00 mL) were added via syringe. After 90 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, washed with 5% sodium 
15 bicarbonate (2 x 25 mL) , concentrated at reduced 

pressure and then dried under vacuum. Polymer yield: 
3.25 g. 

EXAMPLE 110 
Polymerization of THF with Glvcolic Acid 
20 and Ytter bium Triflate 

In a dry box, ytterbium triflate (10.00 g) and 
glycolic acid (99%, 1.00 g) were added to an oven dried 
100 mL RB flask equipped with a stirring bar. The flask 
was sealed with a rubber septum and removed from the dry 
2 5 box. After the attachment of a nitrogen bleed THF 

(20.00 mL) was added via syringe. After 90 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, concentrated at reduced 
30 pressure and then dried under vacuum. Polymer yield: 
4,76 g. 

EXAMPLE 111 

Preparat ion of Bismuth Triflate 
BiCl3 (630 mg, 2 mmol) was slurried in CH2CI2 
35 (20 mL) . Triflic acid (900 mg, 6 mmol) was added 



wo 94/09055 



70 



PCT/US93/09808 



dropwise, and the mixture was stirred overnight at room 
temperature. The solvent was removed to give 0.9 g of 
an off white solid. ^^F NMR (DMSO-de) : 5 -77.3. 

EXAMPLE 112 

5 pnl ymerization of THF with Bismuth 

Triflate rind Acetic Anhydride 
In a dry box, bismuth triflate (0.5 g) was added to 
an oven dried 100 mL RB flask equipped with a stirring 
bar. The flask was sealed with a rubber septum and 
10 removed from the dry box. A nitrogen bleed was attached 
and THF (10.00 mL) and acetic anhydride (1.00 mL) were 
added. After stirring for 60 minutes the polymerization 
was terminated via the addition of water {25 mL) , ether 
(25 mL) and THF (50 mL) . The resulting organic phase 
15 was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer Yield: 5.71 g. GPC 
analysis: Mn = 8350, Mw = 12400, PD = 1.49 (PS STD.). 

EXAMPLE 113 
Preparation of Zr (OSO2CF3) 4,Zr (OCOCH3) 4 

20 Solid Zr(0Tf)4 (0.5 g) and Zr(CF3C02)4 (0.5 g) were 

mixed and THF (25 mL) was added. The mixture was 
stirred for 15 minutes at room temperature. The solvent 
was removed and 0.9 g of off white solid was collected. 
NMR {CDCI3) : 5 -78.3, -76.2 (Zr(CF3C02)4 comes at 

25 5 -75.8) . 

EXAMPLE 114 

Polymerization of THF with Zr (OSO2CF3) 4 . Zr (OCOCH3) 4 
pnH Acfitic Anhydride 
In a dry box, Zr (OSO2CF3) 4 . Zr {OCOCH3) 4 (0.5 g) was 
30 added to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
35 polymerization was terminated via the addition of water 



wo 94/09055 



71 



PCr/US93/09808 



(25 mL), ether (25 mL) and THF (50 mL) , The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
5.01 g. GPC analysis: Mn = 6900, Mw = 10500, PD = 1.53 
5 (PS STD. ) . 

SXRMPLE 115 

Prpparati nn nf Gold Triflate 
AuBrs (0.90 g, 2.1 mmol) was slurried in CH2CI2 
(20 mL) and triflic acid (0.90 g, 6,3 mmol) was added 
10 dropwise. The mixture was stirred overnight at room 
temperature. The solvent was removed and 0.77 g of 
black solid was collected. ^^F NMR (DMSO-de) : 8 -76.9. 

EXAMPLE 116 
Pr>lymf:>rization of THF W.ith Gold(III ) 
15 Triflate and Acetic Anhydride 

In a dry box, gold (III) triflate (0.5 g) was added 
to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
20 attached and THF (10.00 mL) and acetic anhydride 

(1,00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
25 pressure and then dried under vacuum. Polymer Yield: 

6.04 g. GPC analysis: Mn = 5240, Mw - 9060, PD - 1.73 
(PS STD.) . 

EXftMPLE 117 

Preparation of Y (OSO2CF3) 2CI 

30 Solid Y(0Tf)3 (540 mg, 1 mmol) and YCI3 (98 mg, 

0.5 mmol) were mixed, and this mixture was poured into 
stirred THF (30 mL) . The mixture became warm as the 
solid dissolved. The solution was stirred for 15 min, 
and the THF was removed. ^^F NMR (DMSO-de) : 5 -77,3. 
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F.XAMPLE 118 
Polymerization of THF with Y (OSO2CF3) 2CI 

f^pr^ Rrpt.ic Anhydride 
In a dry box, Y (OSO2CF3) 2CI (0.5 g) was added to an 
5 oven dried 100 mL RB flask equipped with a stirring bar. 
The flask was sealed with a rubber septum and removed 
from the dry box. A nitrogen bleed was attached and THF 
(10.00 mL) and acetic anhydride (1.00 mL) were added. 
After stirring for 60 minutes the polymerization was 
10 terminated via the addition of water (25 mL) , ether 

(25 mL) and THF (50 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer Yield: 2.95 g. GPC 
analysis: Mn = 7390, Mw = 12800, PD = 1.73 (PS STD.). 

15 PVftMPT.K 119 

Preparation of Y (OSO2CF3) CI2 
Solid Y(0Tf)3 (540 mg, 1 mmol) and YCI3 (390 mg, 
2 mmol) were mixed, and this mixture was poured into 
stirred THF (30 mL) . The mixture became warm as the 
20 solid dissolved. The solution was stirred for 15 min, 
and the THF was removed. NMR (DMSO-de) : 6 -77.2 

F,XAMPT,F. 120 
Polymerization of THF with Y (OSO2CF3) CI2 

fl^H RnPtic Anhydride 

25 in a dry box, Y (OSO2CF3) CI2 (0.5 g) was added to an 

oven dried 100 mL RB flask equipped with a stirring bar. 
The flask was sealed with a rubber septum and removed 
from the dry box. A nitrogen bleed was attached and THF 
(10.00 mL) and acetic anhydride (1.00 mL) were added. 

30 After stirring for 60 minutes the polymerization was 
terminated via the addition of water (25 mL) , ether 
(25 mL) and THF (50 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer Yield: 0.09 g. 
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10 



PY&MPT.F. 121 

Preparation of Ta (OSO2CF3) 4OCH2CH3 
Ta(0Et)5 (813 mg, 2 mmol) was dissolved in CH2CI2 
(20 mL). Triflic acid (1.5 g, 10 mol) was added 
dropwise and the solution stirred overnight at room 
temperature. The solvent was removed to produce a 
colorless oil. and i^f NMR show a mixture of 
compounds. NMR (CDCI3) : 5 1.85 (t) , 1.9 (t), 4.1, 
(q) , 4 .15 (broad, q) . 

pvaMPT.F. 122 

Polymerization of THF with Ta (OSO2CF3 ) 4OCH2CH3 

in a dry box, Ta (OSO2CF3) 4OCH2CH3 (0.5 g) was added 
to an oven dried 100 mL RB flask equipped with a 
15 stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
(25 mL), ether (25 mL) , and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
6.29 g. GPC analysis: Mn = 2320, Mw = 5400, PD = 2.33 
(PS STD. ) . 

25 FiX AMPLE 123 

Fe(acac)3 (1.0 g, 2.8 mmol) was dissolved in CH2CI2 
(15 mL), and triflic acid (850 mg, 5.7 mmol) was added 
dropwise. The purple solution was stirred overnight at 
room temperature. The solvent was removed to give a 
dark oil. 



20 



30 
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EXftMFLE 124 
polymerization of THF with Iron fill) 
Bis-Trif late-Acetvlacetonate and Acetic Anhydride 
In a dry box, iron (III) bis-trif late-acetyl- 
5 acetonate (0.5 g) was added to an oven dried 100 mL RB 
flask equipped with a stirring bar. The flask was 
sealed with a rubber septum and removed from the dry 
box. A nitrogen bleed was attached and THF (10.00 mL) 
and acetic anhydride (1.00 mL) were added. After 
10 stirring for 60 minutes the polymerization was 

terminated via the addition of water (25 mL) , ether 
(25 mL) and THF (50 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer Yield: 5.63 g. GPC 
15 analysis: Mn = 8330, Mw = 16100, PD - 1.94 (PS STD.). 

EXAMPLE 125 
Preparation of Ruthenium (III) Triflate 
RUCI3 (1.0 g, 4.6 mmol) was slurried in CH2CI2 
(20 mL) and triflic acid (2.0 g, 13.6 mmol) was added 
20 dropwise. The mixture was stirred at room temperature 
overnight. The solvent was removed and 1.15 g of black 
solid was collected. ^^F NMR (CDCI3) : 5 -76.7. 

EXAMPLE 126 

Polymeriz ation of THF with Ruthenium f I II) Triflate 

25 and Acetic Anhydride 

In a dry box, ruthenium (III) triflate (0.5 g) was 
added to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 

30 attached and THF (10.00 mL) and acetic anhydride 

(1.00 mL) were added. After stirring for 30 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 

35 pressure and then dried under vacuum. Polymer Yield: 
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5.25 g. GPC analysis: Mn = 7960, Mw - 12400, PD = 1.56 
(PS STD. ) . 

EXAMPLE 127 
Pr^ppr^^^Tf^n o f Palladium(II) Triflate 
5 PciCl2 (1.0 9/ mmol) was slurried in CH2CI2 

(20 mL) and triflic acid (1.7 g, 11.3 mmol) was added 
dropwise. The mixture was stirred at room temperature 
overnight. The solvent was removed and 0.9 g of rust 
color solid was collected. l^F NMR (CDCI3) : 5 -78.5, 
10 EXAMPLE 128 

Pol yin^riT.atinn of THF with Palladium (II) 
Tr^^t^te a nd Acetic Anhydride 
In a dry box, palladium (II) triflate (0.5 g) was 
added to an oven dried 100 ml RB flask equipped with a 
15 stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
20 (25 mL), ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
0.73 g. GPC analysis: Mn « 27100, Mw - 32500, 
PD - 1.20 (PS STD.) . 
25 EXAMPLE 129 

pr^iyrri^rization of THF with Nlobium(V) 
Tri^i^tfi and Acetic Anhydride 
In a dry box, niobium (V) triflate (0.5 g) was added 
to an oven dried 100 mL RB flask equipped with a 
30 stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1,00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
35 (25 mL), ether (25 mL) and THF (50 mL) . The resulting 
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organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
6.41 g. GPC analysis: Mn = 1580, Mw = 5810, PD = 3.67 
{PS STD. ) , 
5 EXAMPLE 13Q 

Polymerizati on of THF with Tungsten (VI) 
Trif]ate and Acetic Anhydride 
In a dry box, tungsten (VI) triflate (0.5 g) was 
added to an oven dried 100 mL RB flask equipped with a 
10 stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
15 (25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
6.12 g. GPC analysis: Mn = 4430, Mw = 8330, PD = 1.88 
(PS STD. ) . 

20 EXAMPLE 131 

Preparatio n of Rhenium (V) Triflate 
ReCls (1.0 g, 2.75 mmol) was slurried in CH2CI2 
(25 mL) and triflic acid (2.1 g, 13.7 mmol) was added 
dropwise . The mixture was stirred overnight at room 
25 temperature. The solvent was removed and 0.9 g of black 
solid was collected. ^^F NMR (CDCI3) : 5 -74.4, -76.3 

(small peak) . 

EXAMPLE 132 
Polymerization of THF with Rhenium fV] 
30 Triflate and Acetic Anhvdride 

In a dry box, rhenium (V) triflate (0.5 g) was added 
to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
35 attached and THF (10.00 mL) and acetic anhydride 
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(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
5 pressure and then dried under vacuum. Polymer Yield: 

5.60 g. GPC analysis: Mn = 7170, Mw = 13500, PD = 1.89 
(PS STD.) . 

EXAMPLE 133 

Preparation of Chromium (II) Triflate 

10 CrCl2 (0.62 g, 5 mmol) was slurried in CH2CI2 

(20 mL) and triflic acid (2,3 g, 15 mmol) was added 
dropwise. The mixture was stirred overnight at room 
temperature. The solvent was removed and 1.25 g of gray 
solid was collected. ^^F NMR (DMSO-de) : 6 -76.65, 

15 -76.72. 

EXAMPLE 134 

Polymerization of THF with Chromium (II) 
Triflate and Acetic Anhydride 
In a dry box, chromium(II) triflate (0.5 g) was 
20 added to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
25 polymerization was terminated via the addition of water 
(25 mL), ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
4.87 g. GPC analysis: Mn = 9210, Mw = 18800, PD - 2.05 
30 (PS STD. ) . 

EXAMPLE 135 

Preparat ion of rr-Cyclopentadie nyl-tris ( trif luoro- 
methanesulfonato) zirconium 
Cp*ZrCl3 (1.0 g, 3 mmol) was slurried in CH2CI2 
35 (40 mL) . THF (10.00 mL) was added to dissolve the 
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yellow solid. Solid AgOTf (2.3 g, 9 mmol) was added; a 
white solid formed immediately. The mixture was stirred 
15 min, and the orangish solution was filtered. The 
solvent was removed to produce an orangish oil. The 
5 material was crystallized from ether and 1 . 1 g of yellow 
solid was collected, NMR showed several peaks around 
2 ppm. Coordinated THF is observed by NMR (near 8 

3.5 and 1.2). 

EXAMPLE 13 

10 Polymerization of THF with n-penta methyl- 

cvclopentadienyl-tris- (trif luorome thanesulf onato^ - 
zirconium and Acetic Anhydridf^ 
In a dry box, n-pentamethylcyclopentadienyl-tris- 
(trifluoromethanesulfonato) zirconium (0.5 g) was added 
15 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
20 polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
6,49 g, GPC analysis: Mn = 4350, Mw = 7930, PD = 1.82 
25 (PS STD. ) . 

EXAMPLE 137 

Preparation of Strontium Triflate 
SrCl2 (790 mg, 5 mmol) was slurried in CH2CI2 
(20 mL) and triflic acid (1.5 g, 10 mmol) was added 
30 dropwise . The mixture was stirred overnight at room 

temperature. The solvent was removed and 1.7 g of white 
solid was collected. ^^F NMR (DMSO-de) : 5 -77.4. 
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F.XAMPLE 138 

pr^^Ympr 17.31- ion of THF wil-h .srrnntium 

TriflatP and Acf t i n Anhydride 
In a dry box, strontium triflate (0.5 g) was added 
5 to an oven dried 100 niL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
10 polymerization was terminated via the addition of water 
(25 mL), ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
5.44 G. GPC analysis: Mn = 6630, Mw = 11500, PD = 1.73 
15 (PS STD.) . 

F.yRMPT.E 139 

Preparation of CP2 (OTf ) Zr-O-Zr (OTf ) Cp2 
Cp2Zr(Cl)-0-(Cl)ZrCp2 (1-3 g, 2.5 mmol) was 
dissolved in CH2CI2 (40 mL) , and AgOTf (1.3 g, 5 mmol) 
20 was added. The mixture was stirred over a weekend. The 
mixture was filtered and the solvent was removed. A 
white solid formed as the solvent evaporated. The 
mixture was filtered and the solid was washed with Et20. 
1.4 g of white solid was collected. NMR 
25 (toluene-ds) : 6 6.0 (s) . 

F-yAMPT.E 140 

Polymerization of THF with Cp2 (OTf ) Zr- O-Zr (OTf ) Cp2 
Pipri AffPtic Anhydride 
In a dry box, Cp2 (OTf ) Zr-O-Zr (OTf ) Cp2 (0.5 g) was 
30 added to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
35 polymerization was terminated via the addition of water 
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(25 mL); ether (25 ruL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
1.84 g. GPC analysis: Mn = 22600, Mw = 28800, 
5 PD = 1.28 (PS STD.) . 

KXftMPLE 141 
Polymerization of THF with Cp2MeZr (THF) BPh4 

and Acetic Anhydride 
In a dry box, Cp2MeZr (THF) BPh4 (0,5 g) was added to 
10 an oven dried 100 mL RB flask equipped with a stirring 
bar. The flask was sealed with a rubber septum and 
removed from the dry box. A nitrogen bleed was attached 
and THF (10.00 mL) and acetic anhydride (1.00 mL) were 
added. After stirring for 60 minutes the polymerization 
15 was terminated via the addition of water (25 mL) , ether 
(25 mL) and THF (50 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
dried under vacuum. Polymer Yield: 0.78 g. GPC 
analysis: Mn « 4840, Mw « 7390, PD = 1.53 (PS STD.). 
20 EXAMPLE 142 

pri^p^r';^i-ion of Bis- (n-Cvclopentadienvl) - 
bT ^trif luornmethan esulf onato) molybdenum 
Solid CP2M0CI2 (500 mg, 1.7 mmol) and AgOTf 
(0.91 g, 3.5 mmol) were mixed and CH2CI2 (30 mL) . The 
25 mixture stirred overnight at room temperature. The 
white solid was filtered off and the solvent was 
evaporated to give 300 mg of a green solid. ^H NMR 
(CDCI3) : 5 6. 4 (s) . 

EXAMPLE 143 

30 Pnlymerizption of T HF with Bis- (n-Cvcl OPentadienyl) - 

.q- ft.rif luor omethanesulfonato) molybdenum 
and Acetic Anhydride 
In a dry box, bis- (n-Cyclopentadienyl) -bis- 
(trifluoromethanesulfonato) molybdenum (0.275 g) was 
35 added to an oven dried 100 mL RB flask equipped with a 
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stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1,00 mL) were added. After stirring for 60 minutes the 
5 polymerization was terminated via the addition of water 
(25 mL), ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
0.77 g. GPC analysis: Mn = 15000, Mw = 21600, 
10 PD = 1.44 (PS STD.) . 

F.XAMPLE 144 

PT-fparai-.jnn of Rts (tr i f 1 uoromethane- 

Zr(acac)4 (1.46 g, 3 mmol) was dissolved in CH2CI2 
15 (5 mL) . A solution of triflic acid (0.9 g, 6 mmol) in 
CH2CI2 (1 mL) was added to the Zr(acac)4 solution. The 
solution was stirred 2 hours at room temperature. The 
solvent was removed and 1.7 9 g of yellow solid was 
collected. "F NMR (CDCI3) : 6 -78.4; ^H NMR (CDCI3) : 
20 6 2.15 (s) , 5.82 (broad) . 

P.YAMPT.F. 145 

polYmpT-i^. f ^r^'-'" "y ^^ "^^^ R-i5s(triflur)romcthang- 
fin lf^ n f^^-"^-'''^ ' ^ farpi-viacpi-onate) zircon i um 
fln^ ArPi-ir Anhydride 
25 In a dry box, bis (trif luoromethanesulf onato) - 

bis (acetylacetonate) zirconium (0.50 g) was added to an 
oven dried 100 mL RB flask equipped with a stirring bar. 
The flask was sealed with a rubber soptum and removed 
from the dry box. A nitrogen bleed was attached and THF 
30 (10.00 mL) and acetic anhydride (1.00 mL) were added. 
After stirring for 60 minutes the polymerization was 
terminated via the addition of water (25 mL) , ether 
(25 mL) and THF (50 mL) . The resulting organic phase 
was separated, concentrated at reduced pressure and then 
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dried under vacuum. Polymer Yield: 5.27 g. GPC 
analysis: Mn = 13400, Mw = 20200, PD = 1.51 (PS STD.). 

EXAMPLE 14 6 

prf fpa ration of Yttrium Bis (trif luoromethane- 
5 c,,, 1 f nnato^ -2,2,6. 6- tfitramethvl-3 , 5-hepr.flnediQnate 

(t-Buacac)3Y (0.64 g, 1 mmol) was dissolved in 
CH2CI2 (5 mL) . A solution of triflic acid (0.3 g, 
2 mmol) in CH2CI2 d niL) was added and the solution was 
stirred 2 hours at room temperature. The solvent was 
10 removed and a white solid was collected. NMR 
(CDCI3): 5 1.2, 1.1 (broad s) / ^^F NMR (CDCI3) : 
5 -78.4. 

EXAMPLE 147 

Polymfirizati nn of THF with Yttrium 

15 Ri .q (trifJunrometh a n e sul fonatQ) -2, 2i 6> 6"tetra- 

m^thyl-3 , -^-hf^ptaneriinnate and Acetic Anhydride 
In a dry box, yttrium bis (trif luoromethane- 
sulf onato) -2,2,6, 6-tetramethyl-3, 5-heptanedionate 
(0.50 g) was added to an oven dried 100 mL RB flask 
20 equipped with a stirring bar. The flask was sealed with 
a rubber septum and removed from the dry box. A 
nitrogen bleed was attached and THF (10,00 mL) and 
acetic anhydride (1.00 mL) were added. After stirring 
for 60 minutes the polymerization was terminated via the 
25 addition of water (25 mL), ether (25 mL) and THF 

(50 mL) . The resulting organic phase was separated, 
concentrated at reduced pressure and then dried under 
vacuum. Polymer Yield: 1.26 g, GPC analysis; 
Mn = 17200, Mw = 25300, PD - 1,47 (PS STD.). 
30 EXAMPLE 148 

Pr e paration of Yttrium Trn f luoromethane- 
1 f onato-bi.'= ; (9.2. G. 6-tetramethvl-3 . 5- 
hpptanedionate) 
(t-Buacac)3Y (0.64 g, 1 mmol) was dissolved in 
35 CH2CI2 (5 mL) . A solution of triflic acid (0.15 g, 
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1 mmol) in CH2CI2 (1 rnL) was added dropwise and the 
solution was stirred 2 h at room temperature. The 
solvent was removed and a white solid was collected. 
NMR {CDCI3) : 5 1.15, 1.02; ^^F NMR (CDCI3) : 5 -78.6 

5 (small, broad), -76.7. 

EXAMPLE 149 

Polymerization of THF with Yttrium Trifluoro- 
methanesulfonato-bis (2,2.6. 6-tetramethyl-3 , 5- 
heptanedionate^ and Acetic Anhydride 

10 In a dry box, yttrium trif luoromethanesulfonato- 

bis (2, 2, 6, 6-tetramethyl-3, 5-heptanedionate) (0.50 g) was 
added to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 

15 attached and THF (10.00 mL) and acetic anhydride 

(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 

20 pressure and then dried under vacuum. Polymer Yield: 
0.18 g. 

EXAMPLE 150 
Preparation of VP (OTf ) n (0CHMe2) 3-n 
V(0) (OnPr)3 (1.2 g, 5 mmol) was dissolved in CH2CI2 
25 (30 mL) . Triflic acid (2.2 g, 15 mmol) was added 

dropwise to produce a dark red solution. The solvent 
was removed and a dark oil was produced. 

EXAMPLE 151 

Polymerization of THF with VP (OTf ) n (0CHMe2) 3-n 
30 and Acetic Anhydride 

In a dry box, VP (PTf ) n (PCHMe2) 3-n (0.50 g) was added 
to an oven dried 100 mL RB flask equipped with a 
stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
35 attached and THF (10.00 mL) and acetic anhydride 



wo 94/09055 



84 



PCr/US93/09808 



(1.00 mL) were added. After stirring for 60 minutes the 
polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
5 pressure and then dried under vacuum. Polymer Yield: 

6,07 g. GPC analysis: Mn = 4770, Mw = 29110, PD = 1.91 
(PS STD, ) . 

EXAMPLE 152 

Prepara tion of Silicon Triflate 
10 SiCl4 (3 g, 17.6 mmol) was dissolved in CH2CI2 

(75 mL) and triflic acid (10.6 g, 70.7 mmol) was added 
dropwise. The mixture was stirred at room temperature 
over the weekend. The solvent was removed and 4.8 g of 
brown liquid was collected. ^^F NMR (DMSO-de) : 5 -76.4 

15 (intense), small broad peaks at -77.8 and -77.95. 

EXAMPLE 153 
Polymerization of TH F with Silicon 
Triflate and Acetic Anhydride 
In a dry box, silicon triflate (0.50 g) was added 
20 to an oven dried 100 mL RB flask equipped with a 

stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. A nitrogen bleed was 
attached and THF (10.00 mL) and acetic anhydride 
(1.00 mL) were added. After stirring for 60 minutes the 
2 5 polymerization was terminated via the addition of water 
(25 mL) , ether (25 mL) and THF (50 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer Yield: 
7.76 g. GPC analysis: Mn = 1450, Mw - 3170, PD = 2.18 
30 (PS STD. ) . 

EXAMPLE 154 

Polymerization of 1 . 3-Dioxolane 
with Ytterbium Triflate 
In a dry box, ytterbium triflate (1.5 g) was added 
35 to an oven dried 100 mL RB flask equipped with a 
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stirring bar. The flask was sealed with a rubber septum 
and removed from the dry box. After the attachment of 
nitrogen bleeds 1^ 3-dioxolane (10.00 mL) was added to 
the flask. After 60 minutes the polymerization was 
5 terminated via the addition of water (25 mL) , THF 

(50 mL) and ether (25 mL) . The resulting aqueous phase 
was separated^ concentrated at reduced pressure and then 
dried under vacuum. Yield: 8.89 g (no attempt was made 
to remove the catalyst from the polymer) . GPC analysis 
10 (PS STD.): Mn = 4170/ Mw = 8550, PD = 2.05. 

EXAMPLE 155 
Polymerization of 1 , 3 . 5-Trioxane 

with Ytterbium Trif late 
In a dry box, ytterbium triflate (1,5 g) was added 

15 to an oven dried 100 mL RB flask equipped with a 
stirring bar. In a separate 100 mL RB flask 
1, 3/ 5-trioxane (20,00 g) was added. The flasks were 
sealed with a rubber septum and removed from the dry 
box. To the flask containing the trioxane cyclohexane 

20 (20 mL) was added, and the resulting mixture heating to 
60®C via an oil bath until an homogeneous solution 
resulted. This solution (20,00 mL) was then added via 
syringe to the flask with ytterbium triflate at this 
temperature. The resulting mixture was then placed in 

25 an oil bath maintained at 60**C . After 60 minutes, the 
polymerization was terminated by the addition of water 
(25 mL) and ether (25 mL) . The resulting solid was 
separated and dried under vacuum, giving 4.74 g of 
polymer . 

30 EXAMPLE 156 

Polymerization of THF with 
N-Acetylaly cine and Ytterbium Triflate 
In a dry box, ytterbium triflate (10.00 g) and 
N-acetylglycine (2.00 g) were added to an oven dried 
35 100 mL RB flask equipped with a stirring bar. The flask 
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was sealed with a rubber septum and removed from the dry 
box. After the attachment of a nitrogen bleed THF 
(20.00 mL) was added via syringe. After 180 minutes the 
polymerization was terminated via the addition of water 
5 (25 mL) , THF (50 mL) and ether (25 mL) . The resulting 
organic phase was separated, concentrated at reduced 
pressure and then dried under vacuum. Polymer yield: 
5.27 g (29.7%). GPC analysis: Mn = 20500, Mw = 43700, 
PD = 2.13 (PS STD.) . 
10 EXAMPLE 157 

Polymerization of THF with 

N"Acetyl-DL-tryptQphan and Ytterbiu m Triflgte 
In a dry box, ytterbium triflate (5.00 g) and 
N-acetyl-DL-tryptophan (1,00 g) were added to an oven 

15 dried 100 mL RB flask equipped with a stirring bar. The 
flask was sealed with a rubber septum and removed from 
the dry box. After the attachment of a nitrogen bleed 
THF (20.00 mL) was added via syringe.. After 26 hrs . 
the polymerization was terminated via the addition of 

20 water (25 mL) , THF (50 mL) and ether (25 mL) . The 

resulting organic phase was separated, concentrated at 
reduced pressure and then dried under vacuum. Polymer 
yield: 7.13 g. GPC analysis: Mn ^ 40200, Mw = 92100, 
PD = 2.29 (PS STD. ) . 



25 
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WHAT IS CLAIMED IS: 

1. A process for the polymerization of cyclic 
ethers, comprising, contacting one or more oxiranes, 
oxetanes, tetrahydrofurans, oxepanes, 1, 3-dioxolanes or 
5 1, 3, 5-trioxanes with a compound of the formula MZg-Qt, 
and an accelerator selected from the group consisting of 
carboxylic acids whose pKa in water is less than 6, 
carboxylic anhydrides and acyl halides, wherein: 
M is a metal selected from the group 

10 consisting of cobalt, vanadium, niobium, tungsten, 

strontium, barium, scandium, yttrium, the rare earth 
metals, titanium, zirconium, hafnium, chromium, 
molybdenum, tantalum, rhenium, iron, ruthenium, osmium, 
rhodium, iridium, palladium, platinum, silver, gold, 

15 zinc, cadmium, mercury, aluminum, gallium, indium, 

thulium, germanium, tin, lead, arsenic, antimony and 
bismuth; 

at least one of Z is an anion of the formula 
~0S02R^/ wherein is perf luoroalkyl containing 1 to 12 
20 carbon atoms or part of a fluorinated polymer wherein 
the carbon atoms alpha and beta to the sulfonate group 
are together bonded to at least four fluorine atoms, or 
tetraphenylborate, and the remainder of 2 is oxo or one 
or more monovalent anions; 
25 s is 2 when M is strontium, barium, cobalt, 

rhodium,, iridium, palladium, platinum, chromium, zinc, 
cadmium or mercury; 

s is 3 when M is scandium, yttrium, a rare 
earth metal, arsenic, antimony, bismuth, gold, iron, 
30 ruthenium, osmium, aluminum, gallium, indium or thulium; 

s is 4 when M is titanium, zirconium, hafnium, 
molybdenum, germanium, tin, or lead; 

s is 5 when M is rhenium, vanadium, niobium or 

tantalum; 

35 s is 6 when M is tungsten; 
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10 



15 



Q is a neutral ligand; 
t is 0 or an integer of 1 to 6; 
and provided that each oxo group present as part of 
Z is considered to account for two of s. 

2. The process as recited in Claim 1 wherein said 
cyclic ether is one or more of said tetrahydrofurans, 
oxepanesr 1, 3-dioxolanes or 1, 3, 5-trioxanes . 

3. The process as recited in Claim 2 wherein M is 
a metal selected from the group consisting of strontium, 
barium^ scandium, yttrium, the rare earth metals, 
titanium, zirconium, hafnium, chromium, molybdenum, 
tantalum, rhenium, iron, ruthenium, osmium, rhodium, 
iridium, palladium, platinum, silver, gold, zinc, 
cadmium, mercury, germanium, tin, lead, arsenic, 
antimony and bismuth. 

4. The process as recited in Claim 3 wherein said 
cyclic ether comprises the formula 



20 



25 



30 



H Ri 



Ri Rl 



H- 



O. 



-H 



or 



.0 



X 

H 



wherein : 

each Ri, r2, r3 and is independently 
hydrogen or hydrocarbyl containing 1 to 20 carbon atoms; 
and 

n is 2 or 4 . 

5. The process as recited in Claim 4 wherein n is 
2 and R^, R^ and all of r2 and r3 are hydrogen. 

6. The process as recited in Claim 4 wherein n is 
2 and R^ and R^ are each hydrogen, one of R^ is hydrogen, 
the other r2 is methyl, and both R^ are hydrogen. 
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7. The process as recited in Claim 3 wherein 
is trif luoromethyl or perf luoroalkyl . 

8. The process as recited in Claim 5 wherein M is 
strontium, scandium, yttrium, the rare earth metals, 

5 titanium, zirconium, hafnium, vanadium, niobium, 

tantalum, chromium, molybdenum, tungsten, rhenium, iron, 
ruthenium, palladium, copper, gold, zinc, tin, bismuth 
or mischmetall. 

9. The process as recited in Claim 1 carried out 
10 at a temperature of about -80°C to about 130°C. 

10. The process as recited in Claim 1 wherein said 
carboxylic acid is trif luoroacetic acid, formic, acetic, 
cyanoacetic, nitropropionic, acrylic, methacrylic acid, 
N-acetylglycine or N-acetyltryptophan. 

15 11, The process as recited in Claim 1 wherein said 

carboxylic anhydride is acetic anhydride or 
trif luoroacetic anhydride. 

12, A process for the depolymerization of a 
polyether to a tetrahydrofuran, comprising, contacting 

20 at a temperature of about 100*C to about 250°C, a 

polymer consisting essentially of one or more repeat 
units of the formula 

- [CHR1CR2r3cr2r3cHR40]- 
with a compound of the formula MZs-Qt/ wherein: 

25 each R^, r2, r3 and R^ is independently 

hydrogen or hydrocarbyl containing 1 to 20 carbon atoms; 

M is a metal selected from the group 
consisting of cobalt, vanadium, niobium, tungsten, 
strontium, barium, scandium, yttrium, the rare earth 

30 metals, titanium, zirconium, hafnium, chromium, 

molybdenum, tantalum, rhenium, iron, ruthenium, osmium, 
rhodium, iridium, palladium, platinum, silver, gold, 
zinc, cadmium, mercury, aluminum, gallium, indium, 
thulium, silicon, germanium, tin, lead, arsenic, 

35 antimony and bismuth; 
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at least one of Z is an anion of the formula 
-0S02R^, wherein is perf luoroalkyl containing 1 to 12 
carbon atoms or part of a fluorinated polymer wherein 
the carbon atoms alpha beta to the sulfonate group are 
5 together bonded to at least four fluorine atoms, or 

tetraphenylborate, and the remainder of Z is oxo or one 
or more monovalent anions; 

s is 2 when M is strontium, barium, cobalt, 
rhodium, iridium, palladium, platinum, chromium, zinc, 
10 cadmium or mercury; 

s is 3 when M is scandium, yttrium, a rare 
earth metal, arsenic, antimony, bismuth, gold, iron, 
ruthenium, osmium, aluminum, gallium, indium or thulium; 

s is 4 when M is titanium, zirconium, hafnium, 
15 molybdenum, silicon, germanium, tin, or lead; 

s is 5 when M is rhenium, vanadium, niobium or 

tantalum; 

s is 6 when M is tungsten; 
Q is a neutral ligand; 
20 t is 0 or an integer of 1 to 6; 

and provided that each oxo group present as part of 
Z is considered to account for two of s. 

13. The process as recited in Claim 12 wherein 
and r4 are each hydrogen, and all of r2 and r3 are 

25 hydrogen. 

14. The process as recited in Claim 12 wherein Ri 
and r4 are each hydrogen, one of r2 is hydrogen, the 
other r2 is methyl, and both R^ are hydrogen. 

15. The process as recited in Claim 12 wherein R^ 
30 is trif luoromethyl . 

16. The process as recited in Claim 12 wherein 
said temperature is about 130^C to about 200°C. 

17. The process as recited in Claim 12 wherein 
said compound of formula MZg-QT is about 1 to about 3% 

35 by weight of said polyether. 
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18. The process as recited in Claim 12 wherein M 
is strontium, scandium, yttrium, the rare earth metals, 
titanium, zirconium, hafnium, vanadium, niobium, 
tantalum, chromium, molybdenum, tungsten, rhenium, iron, 

5 ruthenium, palladium, copper, gold, zinc, tin, bismuth 
or mischmetall, 

19, The process as recited in Claim 1 wherein all 
of Z is an anion of the formula "OSOaR^/ and wherein 

is trif luoromethyl . 
10 20. The process as recited in Claim 12 wherein all 

of Z is an anion of the formula '0S02R^, and wherein R^ 
is trif luoromethyl. 
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